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Zinc, lead and minor copper-bearing manto-type and vein-type 
deposits occur in Paleozoic sedimentary rocks adjoining the Tres Her-
manas quartz monzonite stock. Luna County, New Mexico. In an attempt 
to prove or disprove a possible genetic relationship between these 
mineral deposits and the stock, 99 half-mile or closer orthogonal grid 
samples from the stock and 22 soil samples from a connecting alluvial 
area to the north were analysed by atomic absorption technique for 
trace contents of zinc, lead and copper. Thirty-two of the rock sam-
ples were selected on a wider grid and petrographically studied and 
modal analyses calculated. Argillic, sericitic and chloritic altera-
tion products were volumetrically estimated using a Swift Point 
Counter. 
The trace metal zinc, lead and copper anomalies are spatially 
related to each other. Zinc and lead anomalies are almost congruent 
with less agreement of the copper anomalies to the other two. Signif-
icantly, a close spatial relationship exists between the anomalous 
concentrations of zinc-lead-copper in the stock and the external 
hydrothermal deposits in the Paleozoic sedimentary rocks. The ratios 
of highest zinc, lead and copper concentrations in the anomalies of 
the stock show general agreement to the ratio of metals production 
from the adjacent mineral deposits. 
Alteration appears to be a general requisite for trace metal 
anomalies within the stock. A direct relationship also exists between 
certain primary petrographic textures and the anomalies of zinc. lead 
and copper. The latter suggests a possible deuteric origin for at 
iii 
least one stage of the development of the anomalies. Yet. in combina-
tion with rock alteration. a two phase or continuous phase. i.e •• 
deuteric and hydrothermal or deuteric to hydrothermal origin of the 
anomalies appears likely. 
-The isolated character of the trace metal anomalies. their 
patterns within the stock. decrease in the magnitude of the anomalies 
near the stock contacts marginal to mineralized zones. and primary 
petrographic textures and alteration features associated with each 
anomaly suggests that the source of the trace metals for the hydro-
thermal metalliferous deposits is the stock itself. 
Finally. in the alluvial area north of the stock specific anoma-
lies of zinc. lead and copper occur. The zinc anomaly is at least 
twice the background. and lead and copper three times the average 
background in the stock. The anomalous values suggest possible nearby 
sources of metal content in the bedrock. 
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INTRODUCTION 
Purpose and Scope of Investigation 
The exposed part of the Tertiary quartz monzonite stock, which 
comprises almost half of the Tres Hermanas Mountains and to a limited 
extent the alluvial area to the north, was studied in respect to its 
trace element content, i.e., copper, lead and zinc, petrography, 
internal structure and alteration. The purpose of this study was to 
determine the spatial and inter-relationships of these features within 
the stock and to the known metallic mineralization around the stock. 
The Tres Hermanas Mining District has produced moderate amounts 
of lead and zinc and to a very minor extent silver, gold and copper 
(Griswold, 1961). Scattered zones of presumed hydrothermal alteration 
are also known in several areas within the stock. Prevalent types of 
alteration recognized are sericitization, kaolinization and pyritiza-
tion (Ibid.). 
This study indicates certain spatial concentrations of the heavy 
elements lead, zinc and copper, and alteration types within the stock 
which may relate to the location of known and other possible zones of 
mineralization about the body. The mineral composition of the quartz 
monzonite porphyry, grain size of the minerals and isolated hydro-
thermal alteration zones are related to the trends referred to above 
and are similiar to those observed at Searchlight, Nevada, (Proctor, 
P.O., personal communication, 1968). If such relationships are con-
firmed by other studies, the petrochemical characteristics of a stock 
may be useful in identifying productive stocks and predicting possible 
mineralized areas about them. 
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Location and Accessibility 
The area investigated is in the Tres Hermanas group of Mountains. 
Luna County. New Mexico. It also includes the Tres Hermanas Mining 
district. The area is situated a few miles northwest of Columbus and 
lies between long 107°41'6" and 107°48'30" and lat 31°51'49" and 
31°57'6" and occupies the western part of sections 30 and 31 T. 27 s .• 
R. 8 w •• sections 6 and 7 T. 28 s •• R. 8 w •• and sections 25 to 28 and 
33 to 36 T. 27 s .• R. 9 w., and sections 1 to 4 and 9 to 12 T. 28 s., 
R. 9 W. ( fi g • 1) • 
The area is accessible by five roads which branch off from State 
Highway 11 which connects Deming and Columbus, New Mexico. The north-
ern part of the area can be reached over a road which branches off 
towards the west about 30 miles south of Deming. Two other roads at 
miles 37 and 40 from Deming branch off to the west and lead to the 
eastern flank of the Tres Hermanas Mountains. Two additional roads 
branch off from the same highway at 2 and 3 miles respectively from 
Columbus and run in a northwesterly direction, the one from the 3rd 
mile connecting Crump Draw and the other from Columbus connecting Mary 
Lee Draw. The last mentioned proceeds west northwest changing its 
direction gradually until it takes a northwesterly trend in section 4 
and finally connects with the first mentioned road from the north. A 
few jeep trails, though rather rugged. provide passage to the many min-
ing prospects which are located in the mountains. 
Two railroads, operated by the Southern Pacific Company. run 
east-west in Luna County. One passes through Deming and the other 
parallels the Mexican border running through Columbus. 
EXPLANATION 
)? ----- ~ 
,., 
__ j 
"' 10& 10 .. 
Ouoternory Alluv1um 
~ 
Tert 10 ry Volcon• c 
Rocks and 01 kes 
~ 
Mesozo•c ond Poteozotc 
Sed•mentory Rocks 
l§qi!!3 To i I 
Ouortz M onzon• te 
Andes1te Intrusive ___ .-......... 
Con roe I 
t HO()( loi AI' OF N[W lol !lCtCO 0 •I• •ll t M ILE EE==d=:3===~'~=::=3• Foul! 
Figure 1. Geologic Index Map of Tres Hermanas Mountains, 





Physiography and Draina9e 
The area lies in the Mexican Highlands section of the Basin and 
Range Province. Bolson plains form an important physiographic feature 
in this area. This slopes gently across the country, starting at an 
elevation of about 4200 feet and descending to 3960 feet south of 
Arena. The Tres Hermanas Mountains consist essentially of three con-
necting peaks known as the North Peak {5802 feet), Middle Peak (5786 
feet), and South Peak {5674 feet) {fig. 2). Another prominent peak 
is Chloride {5604 feet). The maximum relief from the mountain peaks 
to the valley floor is about 1800 feet. 
Drainage is provided by the many dry washes which radiate from the 
mountainous area. The chief washes are: Crump Draw, Mary Lee Draw on 
the southeastern part of the mountains, Lonesome Cabin Draw, Manning 
Canyon in the western part of the mountains and Burns Draw which opens 
into a basin in the northern part of the mountains. 
Climate and Vegetation 
The climate of the area is similar to that in the extreme south-
western part of the United States. Summers are hot and winters are 
very mild. Columbus, situated near the United States-Mexican border 
and a few miles to the south southeast, frequently has the highest 
daily recorded temperature in the State both during winter and summer 
months. Climatological data for the Luna County are given in Table 1. 
Figure 2. The Three Sisters Peaks (Tres Hermanas), 
Luna County, New Mexico 
Figure 3. South Sister Peak with a xenolith 
surrounded by quartz monzonite 
(Photographs by Dr. Paul D. Proctor) 
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TABLE 1. CLIMATOLOGICAL DATA FOR LUNA COUNTY 
(Data from Climate and Man, u.s. Department of Agriculture, 
1941, p. 1,013) 
Temperature Precipitation (degrees Fahrenheit) (inches) 
Altitude Jan. July Maxi- Mini- Wettest Dryest Annual 
Station (feet) Avg. Avg. mLm mum month month Avg. 
Columbus 4,058 42.5 82.5 111 -6 2.19 0.24 9.59 
Deming 
August April 
4,336 41.6 78.8 110 -7 1.85 0.25 9.20 
July April 
Gage 4,489 41.2 79.6 111 -9 2.05 0.21 9.93 
July April 
The bolson plains are sparsely covered with prairie grass, mes-
quite, creosote bush, yucca, and many varieties of cactus. The moun-
tains have essentially the same growth, except at the highest eleva-
tions, where juniper and pinon appear. The land is used mainly for 
ranching. 
Field Approach to Problem 
7 
In addition to certain features noted above, the Tres Hermanas 
stock is a so-called "productive stock", though it has failed to yield 
a major ore discovery around its margins. This and the methods of 
study and findings of other workers as Belt (1960), Shrivastava and 
Proctor (1962), Proctor (1968), Putnam and Alfors (1969), Al-Hashimi 
and Brownlow (1970), Mantei, Bolter and Al Shaieb (1970), suggested 
that a statistical sampling approach might reveal specific petro-
chemical relationships which would be valuable to the explorationist 
in his investigation of intrusive stocks. Therefore, a grid pattern 
of sample collection was employed. Modifications were introduced 
according to the field conditions without affecting the general 
approach. (fig. 4). 
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The sample collection and related field observations were in 
three stages. In the first staqe sample locations were predetermined 
on an orthogonal grid laid out on the geological map of the area. The 
sites coincided with section boundaries and were located one half 
mile apart over the approximate 10 square miles area of the stock. 
Some sixty sample sites were located and 150 fresh rock samples col-
lected. 
A second sampling area related specifically to the north alluvial 
area. Here sand-gravel samples were collected in the dry washes that 
drain the area. These samples were approximately 800 feet apart, a 
few only 600 feet apart. Twenty-two samples were collected to define 
any heavy metal trace element distribution pattern. Purpose of this 
sample collection was to determine a possible favorable geologic 
setting for hidden mineralization in this alluvial covered area of the 
stock. 
A third additional sampling program was outlined in the field in 
areas where alteration was observed. These samples sites parallelled 
the orthogonal grid system, though individual sample distances were 
rather erratic depending upon the size or scale of the alteration 
features. 
Replicate sampling, of the nature of check sampling, was also 
carried out (Proctor, P.O., 1968, personal communication). The number 
of locations were 40 and the samples collected were 82. 
The effect of rock weathering was kept to a minimum by collecting 
a large sample and breaking it down to the core for fresh material to 
be used both for rock powders for chemical analyses and thin sections. 
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PREVIOUS WORK 
The early history of this area is vague. Lindgren's (1909) 
excellent account of a portion of the Tres Hermanas district and 
Anderson's (1957) brief account are perhaps the most notable contri-
butions on the mining district. Darton (1916 and 1917) completed the 
first detailed investigation of Luna County and supplied additional 
information on the mineral deposits. The late Robert Balk (1952) 
studied the geology of the Tres Henmanas Mountains in detail. His 
generalized geologic map and notes were utilized by Griswold (1961) in 
his bulletin on "The Mineral Deposits of Luna County, New Mexico." 
Reasons for this investigation were to confirm or deny, if 
possible, trace element distribution patterns within a so-called pro-
ductive stock and their direct or indirect relationship to spatially 
distributed mineral deposits about the intrusive body. Confirmatory 
evidence would supply another tool for the evaluation of stock-like 
intrusive bodies which might have unknown mineral deposits around 
their margins. 
Many geologists, intrigued by the findings of Clarke(1924) that 
99% of the earth's crust is made up of only 10 elements whose atomic 
numbers are less than 27, were curious to know the behaviour of other 
elements whose distribution was in trace contents. 
V.M. Goldschmidt with his associates (1930) at Goettingen 
pioneered this field of geochemistry using spectrochemical analytical 
techniques. During a period of seven years he was able to trace the 
pattern of distribution of about 50 trace element in the rocks of the 
earth's crust and enunciated several laws which, along with the con-
tributions of other workers, gave geochemistry its present status. 
Nockolds and Mitchell {1948) studied the distribution of major 
and minor elements in a series of igneous rocks and discussed the 
factors controlling their distribution. 
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Wager and Mitchell {1951) found geochemical trends of trace 
element in minerals in a series of rocks which changed in composition 
during fractionation. They concluded that the composition of a rock 
did not represent the composition of its magma. 
De Vore {1955) studied the role of adsorption in the fractiona-
tion and distribution of elements. He suggested the possibility that 
metamorphic tranfonmations liberate ore forming metals. 
Jedwab (1956) carried out a trace element content study of two 
mica granites of the Morbihan region in France, one mineralized and 
the other non-mineralized, and showed that the trace content of the 
former differed extensively from that of the latter. He suggested 
that this may serve as a guide to the presence of mineralized zones. 
Parry and Nackowski (1960) analysed the biotites from a monzonite 
stock in the Basin and Range Province. They were, on the basis of 
concentrations of Cu, Pb, and Zn, able to correlate the Bingham dis-
trict of Utah and the Robinson district of Nevada and place Last 
Chance Creek district of Utah separately. They attribute the high 
content of copper in biotite, not only to lattice substitution but 
also to inclusion of chalcopyrite. 
Theobald and Havens (1960) studied a hydrothermally altered 
quartz monzonite sill in Summit County, Colorado and found that the 
base metal content of magnetite remained fairly stable during altera-
tion but that in the case of biotites, as they are altered, with loss 
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of iron, they also become impoverished in base metal. 
Putman and Burnham (1960) made an extensive study of the biotites 
in igneous rock samples from NW. Arizona and found that within the 
same pluton, the minor element content in the biotites varied only 
slightly while there was significant variation from one pluton to 
another. They are of the opinion that all copper and zinc of the rocks 
is contained in the ferromagnesian phases, oxides and sulphides, and 
that in areas of known copper mineralization, the associated plutonic 
bodies also contai-n high content of copper. 
Griffitts and Nakagawa (1960} studied base metal content of 
apparently unaltered monzonite intrusive from many districts in the 
Western United States. They found that most of the anomalous metals 
are affixed to augite, hornblende, biotite and sphene. They noted that 
the high co-pper and zinc content of igneous rocks near ore deposits 
containing these metals was due to leakage from deposits during min-
eralization rather than to an originally high metal content of the 
parent magma. 
Mackin and Ingerson (1960} in studying the origin of iron in Iron 
Springs district of southwestern Utah showed that the iron, ori~inally 
incorporated in biotite and hornblende, was released due to deuteric 
alteration which took place in the deep laccoliths. They state that 
the original metals were still locked in the centrally cooled lacco-
lithic areas. Whereas in the marginal porphyritic rocks, the metals 
are likely to give rise to mineral deposits provided the original 
magma contained these metals. They advance a .. deuteric release hypo-
thesis11 for ore deposits associated with hypabyssal rocks. 
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Belt (1960) collected samples on a grid in the Hanover-Fierro 
intrusive and related bodies. These were analysed for copper and zinc 
using a dithizone technique. Some of his important generalizations 
follow: 
1. Primary copper abundance in the Hanover-Fierro stock is twice 
as high and primary zinc is almost the same as the average for an 
acidic igneous rock. 
2. In an igneous country rock, in an area of few veins bearing 
metals, the metal ion distribution of a given metal is apt to be rela-
ted to primary igneous texture, composition and other features but is 
not related to alteration. 
3. Conversely, in a similar rock cut by numerous veins bearing 
metals, the metal ion distribution is statistically far more clearly 
related to alteration than to primary igneous features. 
Belt (1960) further states that even on a smaller scale, as a 
single vein is approached from a distance in an igneous country rock, 
the content of alteration minerals and ore metals increases; both 
alteration and ore metals are related more closely to each other. 
Shrivastava and Proctor (1962) carried out spectrographic analy-
ses of selected rock samples and their constituent minerals from the 
Searchlight stock, Nevada. They suggested that the trace element 
content in the ferromagnesian minerals might bear a relationship to 
spatially distributed mineral deposits around the stock. This work 
spurred additional study in other areas by colleagues and students 
Mantei and Brownlow (1966) and later work by Mohsen and Brownlow 
(1969) and Al-Hashimi and Brownlow (1970), and the research of this 
investigation. 
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Returning to the Searchlight stock, Proctor (personal communica-
tion) in later detailed grid sampling of the intrusive body investi-
gated the spatial relation of the whole rock trace element content and 
other petrochemical features of the body. He suggests well defined 
distribution patterns of the trace elements Au, Ag, Cu, Pb, and Zn are 
evident and these can be related to alteration and spatially associ-
ated mineral deposits. 
Brownlow and Mantei (1966) carried out neutron activation analy-
ses of the major minerals, biotite, hornblende, magnetite and quartz-
felspar, in the Marysville stock in Montana, for its trace content of 
gold. They stated that the results indicated a definite relationship 
between the stock and the gold deposits. They also believed that gold 
was trapped in openings in the mineral structures. 
Putman and Alfors (1969) petrochemically studied samples collec-
ted on an equal interval orthogonal grid over the Rock Hill grano-
diorite stock, Tulare County, California. They attempted to determine 
if a consistent pattern of petrologic relationships exist within such 
a body. Because of the detail of this significant study, even though 
the body is apparently a "non-productive" stock, a few of their most 
important conclusions are recorded here: 
1. The Rocky Hill stock was a vertically emplaced intrusive 
stock which cooled progressively inward from the walls. The emplace-
ment temperature ranged from 700° to 850°C 1 and the pressure equalled 
load pressure, increasing only during aplite emplacement. 
2. A variation in trace element content occurs in granitic 
plutons, those of mineral phases being characteristic and identifiable 
attributes quite useful for correlating genetically related units. 
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3. The mineral phase trace element data creates problems where 
modally variable (magnetite) coexistinq phases are involved and there-
fore bulk rock trace element data is better. 
4. A sampling plan for a stock should be governed by the nature 
of local variation. 
5. Each plutonic unit may be unique in regards to the nature of 
scale variability relationships. 
Al-Hashimi and Brownlow (1970) carried out copper content analy-
ses by a non-destructive method of neutron activation analyses for 61 
biotite samples from the Late Cretaceous Boulder Batholith. They 
concluded: 
1. Higher copper values in Butte quartz monzonite biotites are 
higher than in the other magmatic units of the Boulder Batholith. 
2. Higher copper values are due to minute inclusions of sulphide 
minerals in the biotite rather than to extensive isomorphic substitu-
tion of copper in the crystal structure. 
3. High copper values coincide with regions of known mineraliza-
tion in the Butte quartz monzonite in a broadly defined north 
northeast belt. 
4. Despite local variability, a relation does exist between 
sulphide inclusions in biotite and areas of mineralization in the 
Boulder Batholith. 
5. The copper content of minerals cannot be an effective tool 
for exploration because of its variable behaviour in silicate melts. 
Mantei, Bolter and Al Shaieb (1970) analysed 125 whole rock 
samples from the productive Marysville, Montana granodiorite and sur-
rounding metamorphic rocks for trace contents of gold, and silver by 
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neutron activation and for copper, lead and zinc by atomic absorption 
methods. They conclude that in the vicinity of known gold veins, 
anomalous values for gold and silver were found in both types of bed 
rock. Anomalies for base metals were much less pronounced. The 
results indicate that systematic analysis of igneous bodies could be 
useful in exploration for hydrothermal ore deposits. 
Other investigations specifically related to quartz monzonite 
intrusive bodies are discussed in a later section. These include 
Vinogradov (1956), Ahrens (1965), Taylor (1965) 1 Putman and Burnham 




The Tres Hermanas Mountains consist essentially of a subcircular 
quartz monzonite stock intruded into Paleozoic and Cretaceous sedi-
ments and several types of Tertiary volcanics. The quartz monzonite 
stock was later intruded by monzonite, latite, and rhyolite dikes of 
Tertiary age and basalt dikes of late Tertiary or early Quaternary age. 
A bolson plain surrounds the mountains and consists of recent alluvial ~ 
fans studded here and there with basalt flows. These probably rest on 
Tertiary alluvium. East dipping Paleozoic sediments are exposed in 
the northern part of the mountains in contact with the northeastern 
and northwestern corners of the stock. Generally west-dipping 
Mesozoic (L. Cretaceous) sediments are exposed along the west side of 
the area in a northwest trending ridge. Tertiary volcanics crop out 
east of these and Quaternary qrav~ls on the west. All except the 
Quaternary gravels are cut by numerous faults which have caused vari-
ations in the magnitude and direction of dip of the formations. 
Paleozoic rocks are mineralized and carry vein and replacement 
ore bodies, chiefly of lead and zinc and to a very minor extent silver, 
gold and copper. The Lower Cretaceous rocks on the other hand, carry 
abundant vein-type ore bodies consisting of iron and manganese oxides. 
The Tres Hermanas Mining district, with a production valued at 
$500,000, is believed to be the third-ranking metal-producing district 
in Luna County. 
Lithology 
For the purpose of this investiqation the lithologic units in 
this area are considered under three headinqs: 
1. Sedimentary rocks. 
2. Intrusive rocks. 
3. Volcanic rocks. 
A generalized geologic map, modified from Balk (1962) shows the 




The sedimentary rock units consist of Paleozoic (Silurian, 
Mississippian-Permian), Mesozoic (L. Cretaceous) and Cenozoic (Quater-
nary) formations with the probable existence of some Tertiary alluvium 
beneath the more recent deposits. (Kottlowski, F.D., and Foster, Roy, 
1963). 
Paleozoic Rocks 
The Paleozic sequence crops out north of the Tres Hermanas stock. 
Ages range from Silurian through Mississippian and Pennsylvanian to 
Permian; rock thickness approximates about 2000 feet. The Devonian 
System is not represented. 
The Silurian strata, the oldest, consist of marblized dolomites 
and limestones of the Fusselman Dolomite. These crop out on the north-
eastern flank of the Tres Hermanas Mountains, where several hundred 
feet are exposed in fault contact with the Permian Hueco Formation. 
Considering the thickness of about 1300 feet to 1600 feet for the 
Fusselman Dolomite in the neighbouring ranges, it is expected to be 
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Figure 5. Columnar section of Paleozoic strata in Tres 
Hermanas Mountains, New Mexico (from Kottlowski 
& Foster, 1962) 
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thicker in the subsurface in the Tres Hermanas Mountains. The beds 
dip 18 to 45 degrees east to northeast. 
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Mississippian sediments consist of about 360 feet of light qray, 
massive, crinoidal cherty limestones representinq the upper part of 
the Hachita Formation of the Escabrosa Group conformably overlain by 
silicified light gray, laminated, crinoidal calcarenite (Paradise For-
mation) of Chesterian age. These strata dip 10 deqrees due north. 
The Pennsylvanian sediments are about 560 feet thick in the Tres 
Hermanas Mountains. These consist mostly of limestones, brown weath-
ering siliceous microcrystalline limestones and dark gray, fossilifer-
ous calcarenites with partings and thin lenses of shale. A 60-foot 
thick sandstone unit occurs just below the middle of the sequence. 
The sedimentary rocks dip 10 to 17 degrees north in the Mahoney mines 
area and 27 to 35 degrees east in the Lindy Ann area. 
The Permian System is represented by the Hueco Formation which is 
at least 525 feet thick up to the upper fault zone. The formation 
consists of a basal unit (15 feet thick) of reddish brown conglomerate, 
an intermediate sequence (84 feet thick) of silicified microcrystal-
line limestones overlain by beds (71 feet thick) of chert pebble and 
limestone pebble conglomerates and upper beds of dark qray partly 
oolitic massive limestones. 
A columnar section of the Paleozoic strata, excluding the Silur-
ian System is shown in Figure 5. 
Mesozoic Rocks 
Rocks of Cretaceous age are the only Mesozoic sediments known in 
the area. The Cretaceous sediments are about 1530 feet thick. As the 
lower and upper contacts are faults. it is probable that the actual 
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sequence is much thicker. The upper contact is a limestone faulted 
against the massively bedded Cenozoic Gila Conglomerate. Intense 
faulting has been responsible for local overturning of beds with the 
possibility of repeated parts in the measured sections. They are con-
sidered to be of Early Cretaceous age (Balk, 1961). These rocks con-
sist of the following: 
6. 
374 feet of basal clastic rocks made up of conglomerate, sand-
stone, siltstone, and silty limestone. 
395 feet of gray, coarsely crystalline, massive limestone. 
35 feet - 40 feet of basal lenticular, light gray, cross-lamina-
ted sandstone. 
318 feet of thick limestone conglomerate overlain by 70 feet of 
sandstone and siltstone and chert limestone conglomerate. 
340 feet of sparsely fossiliferous gray limestone. 
A columnar section of the Cretaceous strata is presented in Figure 
The dips of the Cretaceous beds are generally southwest except at 
one locality where they are to the northeast. 
The distribution, thickness and lithologic character of Lower 
Cretaceous rocks in the southwestern part of New Mexico suggest that 
at least several thousand feet of Cretaceous strata occur in the sub-
surface near the Tres Hermanas Mountains. These beds are of near-
shore marine types deposited about 45 miles from and on the southeast-
ern flank of the Burro Uplift of Early Cretaceous age. 
Cenezoic Rocks 
Quaternary sediments consist of alluvial fan materials. These 
cover the bolson plains surrounding the mountains and also extend into 




































































Columnar section of Cretaceous strata in Tres 
Hermanas Mountains, New Mexico (from Kottlowski 
& Foster, 1962) 
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the principal arroyos. These unconformably overlie all older rocks. 
INTRUSIVE ROCKS 
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Intrusive rocks in this area consist of: a. Intrusive andesite. 
b. Quartz monzonite. c. Monzonite. latite and rhyolite dikes. d. Basalt 
dikes. 
Hornblende-rich intrusive andesite occurs as two sub-rectanqular 
bodies (Griswold. 1961. p. 25) on the northeastern margin of the Tres 
Hermanas Mountains on the northeast slope of North Sister Peak. The 
andesite is thought to be older than the quartz monzonite. 
Quartz monzonite forms a roughly circular stock about ten square 
miles in area. This body forms the central part of the Tres Hermanas 
Mountains. The intrusive rock is medium to fine-grained. equiqranular 
to slightly porphyritic and pinkish gray to brownish gray. The intru-
sive mass invades the andesite fiow ejecta sequence along the southern 
edge of the stock and Paleozoic sediments along the northern boundary. 
Apophyses extend outward from the central mass into older rocks indi-
cating the intrusive character of the stock. Dikes having identical 
composition to the quartz monzonite stock. but varying in texture from 
aphanitic to porphyritic. extend outward from the stock along frac-
tures. These probably formed during the intrusive activity and are 
presumed to be due to more rapid cooling conditions that prevailed 
away from the stock. 
VOLCANIC ROCKS 
Three main volcanic rock units of probable Tertiary age are 
recognized in this area: 1. Early latite. 2. Intermediate andesite. 
and 3. Later latite. 
24 
The early latite consists of a sequence of breccias, tuffs and 
subordinate flows. These are exposed in the western part of the dis-
trict (fig. 1). The light grayish tan to gray quartz latites mostly 
composed of breccia and tuff, occupy approximately 3 square miles. 
A porphyritic to aphanitic variety of light gray latite is exposed 
near the Cincinnati mine. 
Andesite rock types surround almost the entire southern edge of 
the Tres Hermanas Mountains. The rock is purplish gray, layered to 
massive and is composed of flows, breccias, a9glomerates and tuff. 
Total thickness of the andesite sequence is unknown but the general 
appearance of the contact between the early latite sequence indicates 
that the latter is younger, i.e., it overlies the latite. 
The later latite consists of a series of breccias, tuffs and 
fiows. This group of unknown thickness crops out at the southern end 
of the Tres Hermanas Mountains (fig. 1). These latites are younger 
than the andesites; and occur as prongs extending over the older 
andesite. 
Structure 
The major structural feature in the Tres Hermanas area is a sub-
circular stock of quartz monzonite which invades Paleozoic sediments 
and probably Cretaceous sediments, and several Tertiary volcanic rock 
sequences in an area of about 10 square miles. An earlier, and much 
smaller, andesite stock-like body is probably cut by the monzonite. 
Xenolithic masses of marblized and silicified limestones up to one 
half mile in length occur at or near the monzonite intrusive contact 
(fig. 3). Dikes of monzonite, rhyolite, and latite of predominantly 
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a northeastward, one of north northwesterly, and several of west 
northwest trend, and up to two miles in lenqth, occur in the monzonite 
intrusive and andesite volcanic rock sequence. 
The Paleozoic sediments at the north end of the monzonite stock 
are gently to moderately inclined. Those on the northwest side dip 
17 degrees northward near the Mahoney mine area. To the east in the 
Lindy Ann area the beds trend generally northward and dip up to 45 
degrees eastward. The intrusive body cuts directly across the strike 
of these beds. Cretaceous sediments crop out abo·ut two mi 1 es west of 
the main stock. While the general trend is northwestward there is a 
considerable variability in dip with some to 80 degrees locally. 
These structural trends are in contrast to the apparently less 
affected older Paleozoic rocks. The attitudes of the Tertiary vol-
canic rocks are not given, and their structure apparently has not yet 
been worked out. The attitude of the Quaternary-Tertiary gravels was 
not mapped, nor is it described by previous workers. A late basalt 
flow sequence of almost flat-lying attitude forms an incomplete arc 
around the monzonite intrusive stock and adjacent sedimentary and 
volcanic rocks. 
Little evidence is available for any large scale folds in the 
area. However local small folds have been noted (Griswold, 1961) 
which may be related to development of a manto-like ore body. 
Faults cut the Paleozoic, Mesozoic and Cenozoic rocks. At least 
two, and as many as four, sets of faults have developed in the area. 
The Cretaceous sediments are exposed in a horst-like block bounded by 
faults of northwest trend. A similar fault direction bounds the 
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Mahoney mine area on the west. In the Lindy Ann area the faults trend 
more northward in the exposed Paleozoic rocks. 
A second fault set trends generally east northeast in the Creta-
ceous sediments and a variant of this in the Paleozoic rocks. The 
third set on the west side of the intrusive stock follows a fracture 
set trending northeast. 
Griswold (1961, p. 51) describes a small thrust fault in the 
Lindy Ann area which trends northwestward and places Permian Hueco 
Formation over Silurian Fusselman Dolomite. 
The quartz monzonite is highly jointed. Two dominant sets, a 
northeast one and a northwest one are readily visible. The main 
joints are steeply dipping. Another less prominent set is near-
horizontal. In some prospect pits joints are filled with calcite and 
very rarely with limonite. Less prominent north-south and east-west 
sets are also present. (See Figures 7 and 8). These are also steeply 
dipping. 
Dikes in the area generally parallel the east northeast fault set 
with some variation to the northeastward. One set of dikes in the 
southeast, though well developed in a west northwest trend, does not 
follow any known fault set in the area. 
Mineral Deposits 
The mineral deposits in this area are of two types: 1. Limestone 
replacement bodies which parallel bedding and are known as mantes, 
2. Vertical vein deposits controlled by fractures and/or faults 
(Griswold, 1961, p. 51). 
Figure 7. Joint pattern in South Sister Peak, 
Tres Hermanas stock 
Figure 8. Tres Hermanas quartz monzonite showing joint sets on east side of intrusive body 
(Photographs by Dr. Paul D. Proctor) 
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The limestone replacement bodies or mantos are the most produc-
tive ore bodies in the area. These deposits are limited to the 
.. lower marble unit 11 of the Mississippian Escabrosa Limestone. The 
largest ore bodies occur in the Mahoney mines area. 
Some of the mantos are associated with silication of the lower 
marble unit in the vicinity of the ore. Gangue minerals include 
wollastonite and garnet. Ore may have preferentially replaced pre-
viously existing silicate zones within the marble zone. 
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Vertical vein deposits are controlled by faults and fractures, 
but also show characteristics of limestone replacement to a large 
degree. The latter are generally controlled by east and north trend-
ing faults and fractures with intermediate trends less important. 
North trending veins have been less productive. 
The character of the ore is similar to the manto ore bodies. 
However the ore bodies are much more irregular. The mineralized zone 
is as much as 4 feet in thickness in places. 
The Cincinnati vein system, one of the better known examples, 
consists of a series of short disconnected veins. It has an aggregate 
length of 10,000 feet, strikes N. 75° E. and dips from 75 to 80 
degrees south in the western part and 65 to 80 degrees north in the 
eastern portion. A vertical latite porphyry dike of N. 25° w. strike 
is abruptly terminated against the north side of the vein. 
The veins are generally narrow, 4 feet being the greatest width. 
In some mines it is a vein system composed of numerous closely spaced 
veinlets instead of one main vein zone. 
The veins are best developed in the latite flows and breccias, 
fairly well developed in the quartz monzonite and weak, if not, absent 
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in the Paleozoic limestones. The physical nature of the enclosinq 
rocks and their reaction to stress may account for development of frac-
tures suitable for these different occurrences. It is possible that 
more favourable beds in the limestones may have permitted development 
of isolated and, as yet, undiscovered replacement deposits along the 
fault planes. 
MINERALOGY OF THE ORE DEPOSITS 
Chief metallic minerals of the Tres Hermanas Mining district are 
those of zinc and lead with subordinate silver, copper and gold. The 
mineral assemblage of ore zones is essentially the same throughout the 
Tres Hermanas Mining district. The minerals of the Mahoney mininq 
area, which are quite typical, are presented in Table 2. 

































Copper "stains" occur as a copper oxide derived from chalcopyrite. 
All of the above minerals are so thoroughly oxidized that occasional 
remnants of sulphides remain at the surface. 
In the Cincinnati vein system pyrite occurs in addition to the 
other sulphides with considerable quartz and calcite. Gold and silver 
have also been found in these veins. Westward in the Lower Cretaceous 
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sediments the veins contain abundant iron and manganese oxides with 
only minor oxidized lead and zinc. Scheelite is reported in a tactite 
zone near South Sister Peak. 
AGE OF MINERALIZATION 
According to Griswold {1961, p. 38) the structural features of 
the Cincinnati vein system enable the age of vein mineralization rela-
tive to the other geological events to be determined. The vein is 
younger that the quartz monzonite stock, which in turn is younger than 
the early latite sequence. The latite porphyry dike near the Cincin-
nati mine is older than the vein for it is truncated by the vein 
structure. A northwest-striking basic d;ke located between the 
Hancock and Black Hawk mines, appears to cut across the vein system 
without being displaced. From these data Griswold deduces that ore 
deposition took place after the intrusion of the quartz monzonite but 
prior to the invasion of the basic dikes. Griswold also concludes 
that the latite volcanic sequence and ore deposition were nearly con-
temporaneous. He also postulates that practically all the ore miner-
alization of the district originated from deep seated differentiated 
products of the quartz monzonite stock. Ore solutions from the stock 
were released over several different periods, ranging from the time 
of the emplacement of the stock to the period when the basic dikes 
were emplaced. 
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PETROGRAPHY OF THE QUARTZ MONZONITE STOCK 
General Statement 
The sub-circular stock of quartz monzonite in detail is irregular 
in outline. Several dikes and small apophyses extend outward into 
surrounding sediments from the stock. 
The quartz monzonite is pinkish gray to brownish gray and is 
brownish to black and sometimes yellow in altered zones. The rock is 
generally porphyritic with phenocrysts in many parts of the stock. 
The groundmass is finer grained at the contacts and increases in 
size toward the interior. The phenocrysts are larqer near the marginal 
contacts, but large phenocrysts occur in the interior also. 
The texture of the groundmass is generally qranitic but a granu-
litic texture also occurs at some parts near the contacts (Samples 105 
and 106). Granophyric texture is quite prevalent while other exsolu-
tion textures also occur prominently in many parts of the stock. 
The mineral composition consists mainly of quartz, orthoclase, 
occasional microcline, biotite, rare muscovite, hornblende, rarely 
tremolite, pyroxene (diopside, hypersthene and aegirine-augite). Mag-
netite and other accessories such as apatite, zircon, occasional dumor-
tierite and rare sphene are present. 
Moderate alteration occurs throughout much of the stock except 
for the southeastern portion. Particularly intense alteration occurs 
at the northern, northwestern, western and southwestern parts of the 
stock. Kaolinization, sericitization, chloritization, limonitization 
pyritization and very subordinate epidotization are the principal 
types of alteration recognized. 
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Texture and Grain Size 
The quartz monzonite varies in its grain size and texture within 
the stock. Both equigranular and porphyritic textures are present. 
Theories on the formation of porphyritic rocks have been discussed 
quite comprehensively by such authors as Tyrell (1967), Holmes (1921), 
Alling (1936) and others. A brief review of the porphyritic texture 
is given. 
Porphyritic texture is defined as a texture where larger crystals 
are set in a finer groundmass of the same material. 
The groundmass of a porphyry is generally equigranular and most 
often shows a granitic texture. Locally near marginal contacts the 
groundmass is granulitic. Near altered zones the feldspars, particu-
larly the plagioclases, tend to be lath-shaped and simulate a diabasic 
texture devoid of pyroxene. In these same qeneral areas exsolution 
textures are profuse. 
According to Holmes (1921) conditions that favor the production 
of porphyritic texture may be any one of the following: 
1. Great abundance of the constituents of certain minerals. 
2. The capacity of certain minerals like olivine to commence 
crystallizing at higher temperatures and earlier than the 
others. 
3. Sudden lowering of temperature, as would happen in the case 
of the intrusion of a slowly crystallizing magma into cold 
rocks resulting in the production of two generations of 
crystals. 
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4. A sudden relief of pressure resulting in a situation as in 
3 above. 
5. The possibility accordinq to Miers (1929) of two successive 
degrees of supersaturation. 
The Tres Hermanas quartz monzonite is porphyritic. Phenocrysts 
of the porphyritic rock are fairly larqe and would therefore occupy a 
larger volume in the magma chamber. Their centers of crystallization 
should be far apart. For this to take place the magma should have 
been in the metastable state for a time sufficient to permit growth of 
large crystals. The porphyritic texture occurs throughout the stock. 
Granophyric texture. perthitic texture and myrmekitic textures 
are present in the stock. A particular spatial relationship of these 
to altered areas of the stock is visible. In the Tres Hermanas stock 
these textures occur in most of the anomalous areas. and their inten-
sities seem to bear a relation to the concentration of the metals. 
zinc, lead and copper in the stock. 
Granophyric texture is an irregular intergrowth of blebs, patches 
and threads of quartz in a base of potash feldspar (Spry. 1969). In 
the Tres Hermanas quartz monzonite this texture is profuse only in 
some areas and occurs at the contacts of large phenocrysts of feldspar 
and quartz. The intergrowth is so extremely fine that individual min-
erals can hardly be distinguished under low power objectives. 
Perthitic textures are oriented intergrowths of plagioclase 
feldspars in orthoclases. If the reverse relationship is true it is 
called antiperthite. Both textures occur in the Tres Hermanas quartz 
monzonite. 
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Myrmekitic textures are intergrowths between quartz and plagio-
clase. This texture is of moderate abundance in the stock. It has 
been especially observed in areas of high zinc. lead and copper anom-
alies. 
Grain sizes of minerals of the quartz monzonite were estimated 
under the microscope using a calibrated grid. The qra1ns were mea-
sured along their longer axes. The grain size of both the groundmass 
and the phenocrysts are summarized in Table 3. Generally the grain 
size of the essential minerals in the groundmass ranqes from .2 mm to 
.4 mm in the marginal area of the stock. This increases to between 
.4 mm to .8 mm in the interior of the stock. A few large grains were 
observed in the marginal area also. The phenocrysts are generally 
erratic in their distribution within the stock. These range from 1.5 
mrn to 5 mm. Of the 120 thin sections examined all of them show por-
phyritic texture. 
Grain size provides a clue to the rate of cooling of an igneous 
body such as a stock. Lane (1928) suggests that grain size is 
directly proportional to the crystallization constant and the thick-
ness of the body and inversely proportional to the square root of the 
diffusivity and to the difference in initial conditions between the 
body and the margin. The grain size of the groundmass in the Tres 
Hermanas quartz monzonite generally conforms to this postulation. 
Grain size increases in size towards the interior; phenocrysts. how-
ever. do not. 
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TABLE 3. GRAIN SIZE AND TEXTURES IN QUARTZ MONZONITE 
Feldspar Grain Size Textures 
Sample No. PhenocrystAv.aroundmass Granophyri c Other Features 
ITITI • mm. Texture 
1 2.3 .4 
2 2.45 .4 M 
3 2.1 .3 
4 1.9 .45 I v 
5 2.6 .s 
6 1.6 .45 I Myr 
7 1.9 .s 
8 2.3 .s 
9 2.2 .4 
11 2.0 .4 
12 2.2 .6 I 
13 2.3 .4 M p 
14 2.2 .4 
15 2.3 .3 
17 2.4 .s 
18 2.6 .s v 
19 2.0 .4 
20 2.0 .4 
21 2.0 .s w p 
22 .1 
23 2.5 .7 M 
24 2.0 .3 
25 2.1 .s 
26 2.0 .4 
27 3.1 .6 M 
29 2 .7 
30 1.6 .4 s 
31 3.7 .8 
32 1. 75 .4 
33 1.8 .4 v I 
34 1.3 .6 M 
35 2.5 .4 M 
37 2.3 .4 M 
38 2.4 .4 M 
39 3.5 .3 
40 2.5 .6 I 
41 2.6 .s M E 
42 2.2 .7 
43 1.3 .4 
44 1.4 .4 M 
45 1.4 .4 
46 1.7 .4 
47 3.5 .45 I 
48 2 .s 
49 .s 1.8 M 
50 .4 .6 M 
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TABLE 3. {continued) 
Feldspar. Grlin Size Textures Av. Sample No. Phenocrysl roundmass Granophyric Other Features 
mm. rmn. Texture 
51 1.7 .3 
52 2 .35 
53 1.8 .6 M s. E 
54 3.1 .5 M E, Myr 
55 1.46 .4 
56 2.3 .2 
57 1.8 .3 
58 1.6 .5 M 
59 2.2 .6 
60 1.5 .5 I E 
82 1.8 .3 
83 1.9 .3 
84 2.3 .6 p 
85 2.1 .6 
86 2.1 .6 
87 2.7 .3 
88 1.8 .45 
90 1.8 .5 M 
91{2) 2.5 .7 
91(3) 2.2 1.0 
91(4) 1.8 .45 M E 
91(5) 2.5 .45 
91(7) 1.9 .5 
94 1.9 .4 M Myr, E, p 
95 2 .5 
96 .5 
97 .4 
98 1.9 .4 M p 
99 2.1 .3 
100 1.5 .32 w Myr, p 
101 2.3 .35 M W 
104 2 .6 v w 
105 2.0 .6 
106 .5 .1 w 
107 2 .4 
108 2 .4 
109 2.3 .5 M Myr 
110 1.5 .3 w 
111 2.4 .4 M E 
112 2.0 .3 
113 2.25 .6 w 
114 2.1 .5 v w Myr, E 
115(T) 3.8 .3 M V, E 
116 2 .4 M V • E 
117 1.7 .6 M 
TABLE 3. (continued} 
Feldspa{ Gr6in Size Av. Sample No. Phenocrys roundmass 
mm. 





Explanation of symbols 
I = Intense 
M = Moderate 
W = Weak 
V I = Very Intense 
V W = Very Weak 
P = Perthitic 
used 
V = Vermiform texture 
Myr = Myrmekitic 







E = Embayment of feldspars 










General statement: The essential minerals of the Tres Hermanas 
quartz monzonite porphyry consist of potash feldspars (orthoclase and 
minor microcline), plagioclase (mostly oliqoclase-andesine) and quartz. 
The minor essential minerals are biotite. occasional muscovite. horn-
blende (sometimes tremolite). hypersthene. diopside. aeqirine-augite 
and magnetite. The accessories consist of apatite. zircon. occasional 
dumortierite and rare sphene. Quartz of a secondary character occurs. 
This is mostly associated with the exsolution textures. 
Alteration products of the rock consist of kaolinite. sericite. 
chlorite. limonite and very subordinate epidote. Alteration is dis-
cussed separately later. 
The volumetric mineraloqical composition of the rock including that 
of its alteration products from a study of 32 rock samples selected on a 
wider grid is given in Table 4. A olot of these same 32 samples on a 
quartz-plagioclase-K-feldspar triangular diagram is shown in Fiqure 9. 
Ten of the samples fall within the quartz monzonite (adamellite) ranae. 
A few are very close to it and the others fall within the granite range. 
However. taking into consideration the other features of the rock the 
nomenclature used by Griswold (1961) is maintained. 
ESSENTIAL MINERALS 
Orthoclase feldspar: Orthoclase is the dominant feldspar. It is 
grayish pink in hand specimen and forms between 41% to 68% of the rock. 
It constitutes a major part of both the qroundmass and the phenocrysts. 
Under the microscope it is distinguished by its lack of twinning 
striations. birefrigence. and general alteration to kaolinite. The 
orthoclase feldspar of the groundmass ranges in size from less than 
0.1 mm to as much as 0.8 mm and the phenocrysts range from 1.5 mm to 
TABLE 4. THE VOLUMETRIC MINERALOGICAL COMPOSITION OF THE TRES HERMANAS QUARTZ MONZONITE INCLUDING 
ALTERATION PRODUCTS 
Potash Alteration Products Feldspar Ferromagnesians - % of Original Rock - % Nunber (Ortho- Plaqio-
of Quartz cl ase) cl ase Bio- Horn- Magne- Serici- Chlori- Epi-
Sample % % % tite blende tite Total Argillic* tic* tic dote Lim 
2 13.00 67.00 16.00 .07 2.01 2.01 4.09 53.82 .18 .02 
4 15.50 41.60 42.00 .02 .06 1.24 1.32 68.60 1.08 .03 .07 
5 19.00 55.60 22.80 .06 .04 1.90 2.00 60.50 .67 .02 .02 
9 18.50 57.00 21.00 .07 .82 2.16 3.05 37.10 .15 .02 .03 .01 
13 20.80 62.50 9.36 1.68 1.07 4.58 7.33 57.36 1.64 .15 
-
.31 
18 23.40 58.20 13.43 .25 1.64 1.85 3. 74 61.50 .91 
- -
.93 
21 19.70 60.20 16.20 1.38 .46 2.13 3.97 60.20 .10 
23 24.10 59.10 15.31 .17 .17 1.01 1.35 54.83 6.87 .52 
29 17.80 60.25 17.60 1.27 .48 2.70 4.37 43.72 2.48 
- -
.32 
30 20.80 49.00 25.69 .86 .68 1.88 3.32 53.75 1.25 1.03 .17 
32 21.00 48.20 23.00 2.38 .55 2.56 5.49 48.70 6.30 2.18 .18 .55 
35 12.53 50.50 32.20 1.51 .27 1.23 3.01 58.93 2.37 1. 78 .14 
37 18.70 53.25 23.50 .95 2.59 .95 4.49 52.04 1.96 
-
.16 
38 18.20 52.20 22.00 1.54 .37 4.45 6.36 40.77 2.73 .77 
41 20.20 55.50 22.20 .55 
-
1.25 1.80 40.92 1.83 .42 
43 25.30 44.00 25.80 .58 
-
.16 • 74 29.70 23.80 
- -
4.48 






TABLE 4. ( continued ) 
Potash Alteration Products Number Feldspar Ferromagnesians - % of Original Rock - % 
of Quartz (Or tho- Plagio-
Sample % cl as e) cl ase Bio- Horn- Maqne- Serici- Chlori- Epi-
% % tite bl en de tite Total Arqilli c* tic* tic dote lim 
48 18.60 54.20 19.20 1.89 .57 3.59 4.16 55.70 8.30 1.52 
49 21.50 44.50 31.70 2.17 
-
1.55 3. 72 28.00 11.00 
52 20.10 56.70 15.95 1.39 .46 5.08 6.93 40.32 6.93 
- -
.15 
53 36.60 58.60 3.94 .62 
-
.31 .93 56.44 1.56 
56 24.50 62.00 11.40 .38 .19 • 75 1.02 48.80 3.20 
- -
.38 
58 25.20 55.00 16.30 2.16 
-
.46 2.62 36.55 7.70 .93 
-
.55 
60 18.00 47.50 25.10 .77 
-
4.00 4. 77 32.70 36.80 4.15 
- 1.54 
82 21.00 48.00 30.00 
- -
.20 .20 44.00 
91 18.58 59.41 18.58 .46 .62 2.31 3.39 43.89 3,36 
- -
.15 
95 18.40 41.80 32.60 3.93 .37 .75 5.05 42.10 12.60 1.50 
-
.90 
107 25.50 49.00 23.50 
- -
1.94 1.94 27.45 25.80 
- -
.18 
113 21.20 61.90 15.60 .20 
-
1.20 1.40 24.52 3.98 .6 
115 20.90 52.00 22.20 1.21 .35 2.60 4.26 41.64 10.01 1.21 
120 21.00 53.00 20.06 1.54 1.69 1.23 4.46 47.25 5.25 1,23 
x2 15.80 51.60 27.70 
- -
2.61 2.61 41.40 9,60 2,00 .15 .15 
*separately estimated. 
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5.5 mm. Orthoclase is colorless under parallel nicols. When altered 
it is a turbid brownish gray due probably to minute kaolinite dis-
persed throughout the mineral. Orthoclase occasionally shows per-
thitic texture. Most often this feature is predominant in areas where 
granophyric texture prevails, particularly at the contacts of pheno-
crysts of quartz and feldspar. It sometimes shows vermiform texture 
with quartz. 
In some areas of intense alteration the orthoclase feldspars 
appear broken and sometimes show optical continuity. Putman and Burn-
ham {1969) describe such a texture. They state that it may be due to 
shattering and/or cataclastic deformation. In the Tres Hermanas 
quartz monzonite these broken laths are randomly oriented and do not 
show any flow characteristics. 
Zoning and twinning are common in orthoclase, Carlsbad twins 
being dominant. 
Occasionally microcline occurs in the core of an orthoclase 
phenocryst. This suggests a transformation taking place in the ortho-
clase. 
Orthoclase is generally altered to kaolinite. However, in many 
cases, the optical properties of the feldspar are clearly observable. 
Only in the most intense alteration do the optical characters of the 
feldspar disappear. 
Plagioclase feldspar: Megascopically plagioclase is white. The 
composition of the plagioclase is generally between oligoclase and 
andesine. This mineral constitutes from 4% to 33% of the rock. 
Grains of plagioclase are mostly subhedral but partially euhedral 
crystals also occur as phenocrysts. The grain size of the groundmass 
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plagioclase ranges from 0.3 mm to 1 mm, while that of the phenocrysts 
ranges from 1.5 mm to 5.25 mm. The mineral is sometimes lath-shaped 
as in the case of orthoclase. They are also bent and show wavy 
extinction. 
Plagioclase is colorless under the microscope, under crossed 
nicols it is gray. The twinning striations and low extinction angles 
are distinguishing features. It may show paired twins and zoning, the 
latter tending to be more sadie toward the periphery. Plaqioclase is 
associated with both perthitic (plumose) and myrmekitic textures. 
These textures are prominent in some areas of intense alteration. 
Plagioclases are generally moderately altered to sericite, and 
less so to clay. 
Quartz: Megascopically quartz is extremely fine-grained and 
shows a greasy lustre. It is readily distinguished in altered sam-
ples. Composition-wise it forms about 12% to 36% of the rock. 
Under the microscope quartz is generally anhedral and irregular 
in shape. Most often it is spongy, corroded or sieved. Quartz grains 
vary in size and range from 0.6 mm to 2 mm. It is colorless under 
parallel nicols and shows a grayish interference color under crossed 
nicols. 
In the Tres Hermanas stock. quartz forms part of the granophyric 
texture mentioned under orthoclase. It is also associated with 
myrmekite. 
In areas where quartz is abundant there is profuse granophyric 
texture. Quartz is also found in the interstices between the lath-
shaped broken feldspar grains. It also fills in the embayed portions 
of feldspars. 
44 
Biotite: Megascopically biotite is distinguished as dark colored 
cleavage specks or as dark colored platy segregations. Biotite forms 
from less than .1% to 3.4% of the rock volume. 
Under the microscope it is distinguished by its brown to greenish 
brown color and its pleochroism from light brown to dark greenish 
brown. The grains range in size from 0.3 mm to 1 mm, are often euhe-
dral and show hexagonal outline. Mostly however, they are subhedral 
and generally fibrous and strandy. 
Biotite is often associated with magnetite. Sometimes it 
encloses plagioclase feldspar. In two instances (sample 101 and 
sample 106) biotite includes muscovite in its core. 
Biotite often occurs adjacent to hornblende and magnetite possi-
bly representing a reaction relationship. Chlorite and limonite are 
common alteration products of biotite. 
Hornblende: This mineral is of common occurrence in the Tres 
Hermanas quartz monzonite. It is subordinate to biotite and consti-
tutes about 0.1% to 2.5% of the rock volume. It generally is secon-
dary to pyroxene. The grain size of hornblende is 0.15 mm to 2.25 mm, 
and the grains are subhedral to euhedral. They sometimes occur as 
strands. 
Under the microscope hornblende is pale green and quite pleo-
chroic. The extinction angle approximates 9 to 10 degrees. Sometimes 
hornblende occurs as paired twins. In the southern border of the 
stock the hornblende is of the uralite variety. 
Hornblende is associated with tremolite which is acicular, often 
fibrous and has an extinction angle of 18 degrees. 
45 
Hornblende alters to chlorite. Quite often it is associated with 
biotite and magnetite and appears to be in reaction relationship with 
them. It sometimes forms from either pyroxene or maqnetite or is in 
the process of conversion to biotite. 
Pyroxene: Pyroxene is very subordinate in its occurrence in the 
Tres Hermanas quartz monzonite stock. It is seen only under the 
microscope. Here grain size ranqes from .06 mm to 1.3 mm. The miner-
al is greenish to brownish green. The orthorhombic pyroxene, hyper-
sthene, is distinguished by its green to pink pleochroism. The cline-
pyroxenes are distinguished by their extinction angles. On the basis 
of this, probable diopside, with maximum extinction angle of 35 
degrees, and aegirine-augite with a maximum extinction of 14 degrees, 
are recognized. Hypersthene has straiaht extinction. Diopside is 
twinned and shows alteration to hornblende and chlorite. Sometimes it 
shows alteration to limonite. 
ACCESSORY MINERALS 
Magnetite: Magnetite is the predominant accessory in the Tres 
Hermanas quartz monzonite. It is distinguished as dark metallic specks 
in hand specimens and constitutes from 0.1 to 5 percent of the rock. 
Under the microscope magnetite is opaque, and euhedral to sub-
hedral in outline. It generally ranges in arain size from less than 
0.1 mm to 0.9 mm; but locally grains as larqe as 1.5 mm also occur. 
Magnetite assumes different shapes, is sponqy, corroded and sieved. 
In some, sharp boundaries are rounded by alteration. 
Magnetite is associated with all other minerals of the rock. It 
may occur in the cores of plagioclases while its alteration product 
limonite, fills in the hair-like cleavaaes of this mineral. 
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Often magnetite is rimmed by hornblende. This suggests the for-
mation of hornblende under relatively hi~h temperatures. 
Magnetite is often surrounded by biotite. In combination with 
feldspars it forms chlorite. Zircon and apatite generally lie around 
large grains of magnetite. 
Apatite: Apatite is generally euhedral. It occurs as clear to 
light blue prismatic crystals ranqinq in size from 0.07 mm to 0.14 mm. 
Apatite is associated with feldspars and maanetite. 
Zircon: Zircon is usually short, euhedral, and associated with 
magnetite. Its grain size is 0.06 mm. Its hi~h relief, high-order 
interference colors and length-slow character distinguish it from 
dumortierite. Sometimes the zircon grains are rounded. 
Dumortierite: This mineral resembles zircon but it is distin-
guished by its length-fast character. 
Sphene: This mineral is of very minor occurrence and was 
observed in one section. The single crystal was euhedral. 
ALTERATION MINERALS 
Kaolinite mainly occurs as an alteration product of orthoclase. 
It ranges up to 68.6% by microscopic point count. The mineral is 
extremely fine-grained, gray to brownish gray and is turbid under the 
microscope. Most often the optical characters of the orthoclase can 
be distinguished. 
Sericite is mainly an alteration product of plagioclase. Biotite 
also alters to sericite. The sericite has the optical characteristics 
of muscovite. In the southwestern corner of the stock (sample 101} 
muscovite is associated with biotite and may be an alteration oroduct. 
Sericite forms .1% to as high as 36.8% locally of the thin sections 
examined. The mineral is generally scaly, and shows a light yellow 
glimmer under cross nicols. This helps in its identification. 
Sericite is also associated with orthoclase. 
47 
Chlorite, though a very common alteration product and ubiquitous, 
is much less in quantity than sericite and kaolinite. Chlorite ranges 
from .015% to 4.15% in the thin sections studied. It is an alteration 
product of pyroxene, hornblende and biotite. Commonly it occurs at 
the junctions of magnetite and plagioclase feldspars. It is pale 
green with very faint pleochroism. The mineral form is subhedral and 
strandy. Anomalous interference colors are characteristic. Chlorite 
constitutes an essential alteration product in rocks of this type. 
Limonite, which comprises the reddish brown alteration in the 
field both in the northwestern and southwestern parts of the stock 
(author's observation), and which probably forms part of the pyritic 
alteration of Griswold (1961) is of a limited extent. However, in a 
few thin sections limonite occurs in the form of brown stains and is 
mainly associated with magnetite and biotite. It sometimes shows a 
dendritic pattern with magnetite. It also fills in cleavage planes 
and cracks in feldspars. 
Epidote occurs as a minor alteration mineral in the Tres Hermanas 
quartz monzonite stock. It is yellowish green, and sometimes so pale 
it is hardly distinguishable under parallel nicols. Its high inter-
ference colors and relief aids in its identification. Generally it 
shows straight extinction. Epidote is associated with hornblende and 
may be an alteration product of this mineral. 
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ALTERATION OF THE QUARTZ MONZONITE 
Alteration in the Tres Henmanas quartz monzonite is fairly 
evident and locally prominent in the northeastern, northern, north-
western, western, southwestern and central parts of the stock. Other 
parts of the stock show only weak alteration or its absence. For the 
purpose of this discussion, alteration of the rock is classified as 
weak (less than 5% of the rock is affected), moderate (5% to 25% of 
rock affected), moderately intense (25% to 40% of rock affected) and 
intense (40% or more of rock affected) based on point count analyses 
of thin sections. 
Prevalent types of alteration are kaolinitic, sericitic, chlori-
tic, pyritic, limonitic and very minor epidotitic. Intensity of the 
first three types of alteration was quantitatively estimated based on 
a study of 32 thin sections of rock samples selected on a grid for the 
stock. Intensity values are based on microscopic determinations usinq 
a Swift Point Counter. Results are presented in Table 4. These were 
contoured and are shown in Figures 10, 11 and 12. 
Argillic alteration is here defined as conversion of primary min-
erals to clay minerals, mainly kaolinite. This type is visible in the 
field. Though its areal extent is large the alteration is not intense 
in the hand specimen. The latter does not visibly show the percentage 
of kaolinitic alteration indicated by microscopic point count. 
Detailed chemical studies were not carried out for this alteration, 
because only the character, possible intensity and distribution of 
alteration was sought in this study. 
The patterns of argillic alteration, as indicated in Figure 10, 
show that the most intense alteration occurs in the northern, eastern, 
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southern and southwestern portions of the Tres Hermanas stock. In the 
western and central portions of the stock argillic alteration is mod-
erately intense. Around this area intense alteration covers a zone 
from the northeast, near sample 55, to the southwest, near samples 95, 
26 and 29. In the southeastern portion of the stock the argillic 
alteration ranges downward from intense to moderate by the evaluation 
method used. In the portion of the intrusive between the central part 
and the northwestern corner it ranges downward from intense to 
moderate (fig. 10). 
Sericitic alteration, or the replacement of primary minerals -
mainly feldspars by sericite, shows three readily identifiable areas. 
Near sample 43, in the central part, the alteration intensity is as 
much as 23% of the rock volume. In the southwestern oortion of the 
body near sample 107, the alteration ranges to 25%, while in the 
northwestern corner, near sample 60 and the Mahoney mines, the inten-
sity increases to 37%. The northeastern, eastern and extreme south-
eastern parts of the intrusive have very low to sometimes negligible 
sericitic alteration. The intervening areas between the southwestern 
and northwestern corners show moderate sericitic alteration locally 
ranging to 18% of the rock volume (fig. 11). 
Chloritic alteration, or development of chlorite at the expense 
of primary minerals - mainly ferromagnesian types, is generally weak 
in the Tres Hermanas stock. The most abundant chloritic alteration 
occurs in the northwestern part of the stock near sample 60 and the 
Mahoney mining area where it ranges to about 4%. In the central part 
of the stock, near sample 113, it goes to 1% and increases westward to 
a maximum of 2% near sample 88. In the southeastern portion, near 
R.9W. 
• I 
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sample 48, the value is only 1%. In all other areas chloritic 
alteration is less than one percent or is non-existent (fiq. 12). 
Because the chloritic alteration has affected only the ferromaanesian 
minerals, and their amount in the total rock is low, the alteration 
intensity on this basis is weak or low. 
Griswold (1961, p. 65) discusses the concept of a possible lar~e 
disseminated "porphyry" type mineralization. He states that the 
quartz monzonite is hydrothermally altered at least in isolated 
patches. According to him sericitization, kaolinization and pyritiza-
tion are the prevalent types of alteration and though small zones 
exhibit an intense degree of hydrothermal alteration, the alteration 
of larger areas, he classifies as mild. South of the Marie mine, a 
little to the east of this mine and just north of the windmill in the 
area, in the NE 1/4 sec. 10, T. 28S R. 9W southeast of the windmill, 
and in a 200 acre area in a broad valley in the NE 1/4 sec. 34, T. 27S 
R. 9W are alteration zones which Griswold considers as mild to moder-
ate. Alteration zones related to the Cincinnati vein system in the 
studied area are described by him as intense. In the vicinity of 
section 35 a triangular area of intense pyritic and sericitic altera-
tion contains low grade lead-zinc mineralization. 
The yellowish pyritic alteration zones, observed by the author, 
are associated with limonitic staining in the northwestern and south-
western parts of the stock. Pyritic alteration, thouoh recognized in 
the field, is limited in its distribution. Limonitic staininq of the 
rocks, though present and observed under the microscope, is also 
limited in its distribution as shown in Table 4. 
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GEOCHEMICAL ANALYTICAL PROCEDURES 
General Statement 
One of the major purposes of this investiqation was to determine 
the distribution patterns of zinc, lead and copper in the intrusive 
body. A second major purpose was to determine if a spatial and possi-
ble genetic relationship existed between the anomalous zinc-cooper-
lead content and the known mineral deposits surrounding the quartz 
monozonite stock. 
Trace contents of zinc, lead and copper were determined from 
systematically collected and spaced samples in the Tres Hermanas 
quartz monzonite stock and in an alluvial area north of the stock 
using atomic absorption spectrophotometry techniques. 
Results of atomic absorption analysis of the collected samples 
were individually plotted on a base map of the area and the following 
determinations made: 
1. The trends, aliqnments. etc •• of the trace contents of each 
of the heavy metals, i.e., zinc. copper and lead in the stock 
and in the alluvial covered area to the north. 
2. The relationship between zinc, lead and copper concentrations 
within the stock. 
3. The spatial relationship of these concentrations to the known 
mineralized areas in and around the stock. 
Sample Preparation 
The one hundred and fifty samples collected in the Tres Hermanas 
quartz monzonite stock (see INTRODUCTION - Field Approach to Problem) 
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were crushed using a diamond mortar and pestle. The crushed product 
was passed through 120 mesh screen of nylon fibres. A glass bottle 
with its mouth covered with a nylon screen firmly tied with a nylon 
string was quite effective for this sieving procedure. Precautions 
were taken to ensure there was no metallic contamination during 
sieving. Sieving was carried out in a dust free room. The crushed 
material was sieved repeatedly, the coarser fractions being repulver-
ized until all the sample passed the 120 mesh. Between each pulver-
ization the mortar and pestle were meticulously cleaned. The sieving 
device was cleaned between samples and the sievinq cloth changed 
periodically. Powders were prepared for each sample. Each sample 
powder was thoroughly homogenized and stored in a labelled .75 x 3.0" 
glass vial. Thirty-two soil samples were collected from the alluvial 
covered area north of the stock. Because of the particle size, 
crushing was not necessary. These samples were sieved usinq the 
improvised apparatus described above with the same mesh size. Samples 
were stored in similar vials and labelled. 
Principles of the Atomic Absorption Spectrophotometry Method 
The atomic absorption spectrophotometry method is based on the 
measurement of light absorbed at the wavelength of a resonance line by 
the unexcited atoms of the element. Thus elements not excited to 
emission in a flame may nevertheless be determined in a flame by 
absorption provided that the atomic state is capable of existence. 
This is achieved with an air-acetylene flame when only a small frac-
tion of all atoms is excited to emission by the flame. Nearly 99% 
remain unexcited. The light absorption during this transition from a 
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ground electronic state to a higher energy level is virtually an abso-
lute measure of the number of atoms in the flame, and hence the con-
centration of the element in the sample. Light from a hollow cathode 
lamp, which emits the spectrum of the element under examination, is 
passed through the flame and the degree of absorption is measured. 
The number of atoms capable of absorbing any transmitted light of 
appropriate wavelength is proportional to the product of the concen-
tration of these atoms in the flame and the length of the light path 
through the flame. 
ATOMIC ABSORPTION SPECTROPHOTOMETER 
The atomic absorption spectrophotometer used in this investigation 
was the Perkin-Elmer Model 303. A detailed description of this equip-
ment is not necessary. However, a list of the characteristics is 
given in Table 5. The Perkin-Elmer Model 303 was equipped with a 
premix-type burner and was operated with an air acetylene flame. The 
premix burner features a burner chamber, generally made of inert pen-
tan plastic, in which sample fuel and oxidant are mixed before entering 
the flame. This type of burner reduces turbulence and clogging pro-
blems. The flame in the instrument is not very luminous and has low 
turbulence and consequent reduction in noise in the output. The read 
out device was a self balancing potentiometric strip chart recorder. 
The characteristics of the Perkin-Elmer Model 303 is qiven in the 
table below. 
TABLE 5. CHARACTERISTICS OF THE PERKIN ELMER MODEL 303 
ATOMIC ABSORPTION SPECTROPHOTOMETER* 
Characteristic 
1. Type of system 
2. Burner 
3. Passes through flame 
4. Monochromator 
0 
5. Resolution (A) 
6. Monofocal length (mm) 
7. Grating lines/mm 
0 
B. Dispersion (A) 
0 
9. Maximum band pass (A) 
10. Nominal wavelength range (mu) 
11. Grating surface (mm) 
12. Detector 
13. Standard read out 
14. Linearity 
15. Scale expansion 
16. Read out accessory 
17. Bench space (inches) 







U.V. 2880 and VIS 1,400 
u.v. 20 
U.V. 13 and VIS 40 
190-870 
64 X 64 
EMI 9592B and Bl-0-Ag 
counter 
% absorption 
lx, 2x, 5x, lOx 
diqital concentration read 
out, also recorder 
33 X 22 
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*From - Atomic Absorption Spectrometry in Geoloqy, by Ernest E. Angina 
and Gale K. Billings, 1967, p. 32. 
ANALYTICAL PROCEDURE 
The reagents employed were analytical grade. The water was demin-
eralized by ion exchange at the campus nuclear reactor facility. This 
water was later distilled in the laboratory in a distillation apparatus. 
Standards were prepared, from standard stock solutions (Fisher) of 
10,000 ppm zinc, lead and copper by dilution, with the following con-
centrations: 100, 50, 20, 10, 7, 5, 3, 1, 0, .7, .5, .3, .1 ppm. 
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Bulk Rock Analysis (BELT, 1967) 
A powdered rock sample of 1.0 ± .006 gram weight was placed in a 
100 ml teflon beaker and moistened with distilled water. Twenty ml of 
Hf and 10 ml of concentrated HN0 3 were added. The solution was stirred 
and allowed to digest for 12-16 hrs, generally overnight. Two milli-
liters of 70% HC104 (60-70%) were added and the samples evaporated to 
dryness until no more white fumes were emitted. The samples were then 
moistened with distilled water and 10 ml of concentrated HCl added and 
boiled for 5-10 minutes. Two ml of distilled water were aqain added 
and boiled for an additional 10 minutes to dryness. The samples were 
cooled to room temperature and diluted to 50 ml in a volumetric flask. 
The solutions were then transferred to polyethylene bottles, labelled 
and stored. The dissolved samples were later analyzed for zinc, copper 
and lead content. 
Quite often, very high concentrations of these heavy metals are 
beyond the capacity of the instrument to record. Under these circum-
stances, sample solutions are diluted to bring them within the ranqe 
of the recording device of the instrument. Results are later recalcu-
lated to the original strength of the sample solution. 
Samples were usually run for 30 seconds, then the instrument was 
re-calibrated on the blank solution. Standards were run before and 
after each group of samples. The instrumental setting and wavelength 
of lamps used are shown in the table below. Sample powders were split 
and separate analyses made to check reproducibility of results. In 
respect to experimental reproducibility between these duplicate analy-
ses the average variation for the fifteen samples tested did not exceed 
3.4% for zinc, was less than .8% for lead and less than 2% for copper. 
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TABLE 6. INSTRUMENTAL SETTING AND WAVELENGTH OF LAMPS USED IN ZINC 1 LEAD AND COPPER ATOMIC ABSORPTION SPECTROPHOTOMETRY ANALYSIS 
Wave-
1 ength Current- Fuel Air 0 
Element Ranqe {A) Slit Source Amps Flow Flow 
1. Zn uv 2138 5{3 111l1. 20 A) H. C.* 15 9.0 9.0 
2. Pb uv 2833 4{1 mm, 74 A) H.c. 30 9.0 9.0 3. Cu uv 3247 4{1 rrm. 74 A) H. C. 15 9.0 9.0 
*Hollow cathode 
The acetylene pressure was 8 psi and air pressure was set to 30 
psi at the burner regulation. 
Soil Sample Analyses 
The digestion procedure used for the soil samples was slightly 
different than that used for the rock samples. 
Soil samples were leached in concentrated nitric acid. Two 
sample sets were prepared: set 1 was digested in cold HN03 acid and 
set 2 in hot HN0 3 acid. These samples were later filtered and brought 
up to 50 ml and bottled. They were numbered and retained for later 
A.A.S. analyses. 
The procedure for standard preparation was the same as described 
for the rock samples except that they were prepared in a base of 
nitric acid instead of hydrochloric acid. 
Results of samples leached in hot acid were taken into considera-
tion because these qave higher values. This indicates that the metal 
content, in the samples. was more thorouohly extracted under hot acid 
1 each. 
ANALYTICAL RESULTS 
Results of the chemical analyses for zinc, copper and lead 
carried out by the procedures outlined above are oresented in Tables 
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7 and 8. The arithmetic mean and the standard deviation for the sam-
ples are also indicated. 
TABLE 7. GEOCHEMICAL ANALYSES OF ROCK SAMPLES 
Tres Hennanas ~1ountai ns, Luna County, New Mexico 
Atomic Absorption Spectrophotometric Analytical Data 
Metal Content ppm (per oram) 
Sample Location Zinc Lead Copper 
1 60.00 32.50 5.50 
2 60.00 35.00 4.50 
3 60.00 46.25 5.00 
4 65.00 37.50 9.50 
5 60.00 42.50 5.50 
6 55.00 32.50 7. 50 
7 62.50 35.00 6.50 
8 77.50 46.25 5.00 
9 37.50 27.50 4.50 
10 57.50 42.50 5.50 
11 65.00 42.50 7.00 
12 75.00 32.50 8.75 
13 60.00 35.00 9. 50 
14 65.00 42.50 5.50 
15 45.00 30.00 5. 50 
16 65.00 32.50 3.50 
17 97.50 30.00 4.50 
18 52.50 32.50 14.50 
19 90.00 30.00 11.00 
20 90.00 32.50 7.00 
21 80.00 35.00 4.25 
22 80.00 35.00 13.00 
23 75.00 38.75 4.75 
24 66.25 41.25 6.00 
25 85.00 45.00 3.50 
26 37.50 27.50 4.25 
27 80.00 46.25 4.75 
29 55.00 41.25 5.00 
30 87.50 50.00 13.00 
31 60.00 50.00 4.75 
32 127.50 55.00 17.25 
33 60.00 35.00 6. 50 
34 152.50 50.00 8.25 
35 87.50 32.50 7.00 
37 57.50 38.75 6. 50 
38 65.00 38.75 5.50 
39 32.50 27.50 7.50 
40 117.50 67.50 5.00 
41 65.00 38.75 5.00 
42 92.50 45.00 4.25 
43 90.00 35.00 4.25 
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TABLE 7. GEOCHEMICAL ANALYSES OF ROCK S~1PLES (continued) 
Sample Location Zinc Lead Copper 
44 75.00 35.00 7.00 
45 70.00 32.50 6.50 
46 37.50 25.00 4.25 
47 97.50 42.00 8.00 
48 55.00 48.75 3.50 
49 87.50 36.25 8.75 
50 177.50 68.75 19.00 
51 52.50 25.00 2.75 
52 62.50 37.50 5.00 
53 117.50 66.25 9.25 
54 90.00 70.00 10.25 
55 40.00 36.25 2.75 
56 37.50 33.75 3.50 
57 85.50 52.50 7.00 
58 750.00 290.00 17.00 
59 77.50 52.50 13.00 
60 72.50 47.50 7.00 
82 30.00 32.50 4.50 
83 32.50 33.75 3.00 
84 50.00 30.00 6.50 
85 47.50 27.50 7.50 
86 72.50 37.50 9.75 
87 30.00 41.25 5.00 
88 500.00 41.25 6.00 
90 47.50 35.00 4.00 
91(2) 72.50 45.00 5.00 
91(3) 122.50 42.50 5.25 
91 {4) 1625.00 177.50 8.00 
91{5) 447.50 35.00 5.25 
91(7) 102.50 35.00 5.25 
94 74.50 40.00 5.50 
95 105.00 41.25 10.25 
96 150.00 61.25 6.50 
97 70.00 32.50 5.25 
98 65.00 40.00 5.00 
99 50.00 41.25 5.25 
100 85.00 47.50 9.50 
101 74.50 50.00 10.60 
103 70.00 45.00 5.25 
104 117.50 42.00 4.90 
105 117.50 50.00 7.25 
106 32.50 28.75 6.50 
107 47.50 30.00 4.00 
108 72.50 42.50 7.25 
109 145.00 28.75 5.25 
110 110.00 35.00 9.75 
111 155.00 35.00 3.50 
112 87.50 37.50 5.75 
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TABLE 7. GEOCHEMICAL ANALYSES OF ROCK SAMPLES (continued) 
Sample Location Zinc Lead Copper 
113 74.50 33.75 6.00 
114 137.50 42.50 8.50 
115(T) 65.00 41.25 5.00 
116 500.00 27.50 5.75 
117 100.00 37.50 9.50 
118 135.00 228.75 7.50 
119 137.50 45.00 10.25 
120 74.50 31.25 4.50 
x1 35.00 18.75 3.50 
x2 80.00 26.25 4.50 
T = top sample 
Arithmetic Mean 112.00 45.10 6.75 
Standard Deviation 183.91 35.48 3.11 
TABLE 8. GEOCHEMICAL ANALYSES OF SOIL SAMPLES 
Alluvial Area- Sees. 26-27, T 27S R 9W 
Tres Hermanas Mountains, Luna County, New Mexico 
Metal Content ppm (per qram) 
Sample Location Zinc Lead Copper 
61 250.00 33.75 12.50 
62 250.00 110.00 16.50 
63 225.00 45.00 18.00 
64 152.50 20.00 12.00 
65 125.00 17.50 13.00 
66 126.25 47.50 8.50 
67 86.25 27.50 8.25 
68 100.00 30.00 12.00 
69 112.50 27.50 16.50 
70 308.00 40.00 13.00 
71 72.50 27.50 12.00 
72 100.00 37.50 12.00 
73 126.25 27.50 9.00 
73A 123.75 27.50 16.50 
74 137.50 33.75 14.00 
75 50.00 31.25 13.00 
76 113.25 35.00 15.00 
77 98.75 42.50 19.00 
78 187.50 40.00 20.00 
79 62.50 32.50 12.00 
80 133.25 27.50 8.50 
81 75.00 35.00 12.50 
Arithmetic Mean 137.08 36.18 13.35 
Standard Deviation 55.26 18.10 3.34 
GEOCHEMICAL PATTERNS OF ZINC, LEAD, COPPER DISTRIBUTION 
IN THE QUARTZ MONZONITE STOCK 
General Statement 
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In order to determine anomalous areas of zinc, lead and copper 
concentration within the quartz monzonite stock, background values for 
these three elements were calculated from petrographically examined 
fresh unaltered rock samples in the eastern and southeastern parts of 
the stock. These included samples 1, 2, 6, 7, 9, 15, 55 and 56. The 
zinc, lead and copper values of these less altered quartz monzonite 
samples were used to determine the average background values for the 
heavy metal content of the stock. 
TABLE 9. SAMPLE VALUES USED TO CALCULATE AVERAGE BACKGROUND VALUES 
FOR ZINC, LEAD AND COPPER IN PPM 
Tres Hermanas Mountains, Luna County, New Mexico 
Sample Number Zinc Lead Copper 
1 60 32 6 
2 60 35 5 
6 55 32 8 
7 62 35 7 
9 37 27 5 
15 45 30 6 
55 40 36 3 
56 37 33 4 
Total 396 260 44 
Average 49 33 6 
(Background value} 
The distribution patterns of the concentrations of zinc, lead 
and copper on 99 samples from the Tres Hermanas quartz monzonite 
stock, are shown by detailed contouring on Figures 13, 14 and 15, and 
the anomalous high areas are outlined on the less detailed maps, 
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outlining the anomalies are fully described under each individual 
element in this chapter. 
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Clarke (1924) carried out analyses of most of the rock types 
occurring in the earth•s crust. These analyses related mostly to the 
oxides of the major metals and nonmetals contained in them. Gold-
schmidt (1954) was first to show the significance of elements which 
existed in trace contents in crustal rocks. According to him the 
crustal abundance of zinc, lead and copper were 80 ppm, 16 ppm, and 
70 ppm, respectively. Later workers, however, determined the trace 
contents of many other elements in the crust and in various rock types. 
These related to geochemical studies (Vinogradov, 1956; Ahrens, 1965), 
the study of petrological characters of rocks (Taylor, 1965; Putman 
and Alfors, 1969) and ore genesis and location of mineral deposits 
(Shrivastava and Proctor, 1962; Proctor, 1968 - personal communication; 
Putman and Burnham, 1963; Al-Hashimi and Brownlow, 1970; Mantei, 
Bolter and Al Shaieb, 1970; T.G. Lovering, 1970; and others). 
The trace content studies referred to above, particularly those 
relating to quartz monzonite and quartz monzonite porphyries are of 
significance in as much as this factor, in addition to other charac-
teristics of the rocks, might be used to determine the productive or 
non-productive character of an intrusive stock (Lovering, 1970). 
The concentrations of zinc, lead and copper, as determined by 
the workers noted are presented below in Table 10 for comparison. 
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TABLE 10. BULK ROCK ANALYSES OF OTHER WORKERS FOR TRACE CONTENT OF 
ZINC, LEAD AND COPPER IN INTERMEDIATE IGNEOUS ROCKS 
Author and Bulk Rock Analyses (ppm) Year Rock Type Zinc Lead Copper 
Goldschmidt (1954) Crust 80 16 70 
Vinogradov (1956) I ntenned i ate 72 15 35 Acid 60 20 30 
Ahrens (1965) Crust 70 12.5 55 
Taylor (1965) Syenite 150 15 10 Granodiorite 60 15 30 Granite 40 20 10 
Proctor & Shrivastava Quartz Monzonite 38 16-21 ( 1962) Searchlight, Nev. 
Proctor ( 1968) Quartz Monzonite 68 47 22 (Av.) Searchlight, Nev. 
Lovering, T.G. (1970) Barren Paleocene 10 Quartz Monzonite 
Productive Pal. 20 
Latite Porphyry 
Quartz Monzonite 300 
Porphyry 
Putman & Burnham Quartz Monzonite 45 26.6 (Av.) 
Porphyry 
Quartz Monzonite 30 
Ruin Biotite 31.5 Quartz Monzonite 22.8 (Av.) 
Spatial Relations and Trends of Zinc Anomalies in the Stock 
The concentrations of zinc from bulk rock samples of the stock 
are shown on the map by 20 ppm zinc concentration contours (fig. 13). 
In areas where concentrations are very hiqh and zinc gradients steeo. 
contour intervals are increased to 100 and 400 ppm zinc concentrations. 
An average background value of 49.25 ppm of zinc exists for the 
stock. Two major divisions are made in the less detailed Figure 16: 
1. Concentrations of zinc from background to 80 ppm. and 2. Zinc 
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values over 80 ppm. On this basis high zinc concentrations occur in 8 
areas. To hiqhliqht the anomalies in the stock, areas above 100 ppm 
are stippled in the above mentioned less detailed Fiqure 16. 
The individual anomalies defined are based on the following 
specific samples and related ones which surround them. 
TABLE 11. ZINC ANOMALIES, THEIR SPECIFIC AND RELATED SAMPLES, TRES 













27(80), 30(87.5), 34(152.5), 
35(87.5)~ 42(92.5). 43(90), 
53(117.5}, 54(90) 57(85.5) 109(145)~ 110(110~. 111(155~. 
112(87.5}. 114(137.5). 
115(65). 116(500), 117(100), 
118(135), 119(137.5) 
25(85), 26(37.5). 32(127.5), 













29(55). 31(60), 37(57.5), 
41(65), 44(75). 99(50), 
120(74.5) 
87(30), 97(70), 98(65). 





16(65), 27(80), 107(47.5), 
108(72.5) 
13(60), 15(45), 18(52.5) 
14(65). 29(55), 44(75), 
45(70), 48(55) 
1(60), 2(60), 3(60) 
4(65), 5(60), 38(65). 
39(32.5), 41~65) 
*() represents zinc in ppm for individual sample. 
Z represents zinc. 
Anomaly Z-1. At least 6 samples have zinc concentrations above 
background, three of which are above 80 ppm. Zinc concentration 
increases toward sample 58 in an easterly to northeasterly direction. 
The range of zinc content is from 52.5 to 750 ppm. Alluvium bounds 
this portion of the stock on the east. 
Anomaly Z-2. Twenty-seven samples, which carry zinc content 
above background, of which 19 carry above 80 ppm zinc concentration, 
constitute this anomaly. The zinc values are lowest (80 to 90 ppm) 
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in the northeastern and the southwestern parts of this anomaly, while 
at the northwestern and southeastern parts it is fairly high (150 ppm). 
They tend to increase toward the center of the anomaly. The central 
part of the anomaly is best developed in the lower elevations of the 
upper part of the Manning Canyon, where 12 surface samples show more 
than 80 ppm zinc. A drill hole at depth, located near samplell5, shows 
an increase in zinc content from the surface downward. However, only 
surface samples were considered in outlining the anomalously high 
area. Sample 116, at the mid-eastern part of this anomaly shows a 
value of 500 ppm zinc. Surroundinq samples increase toward this 
sample. 
Anomaly Z-3. An anomalously high zinc area occurs in the lower 
part of the Manning Canyon and extends into Lonesome Cabin Draw. Here 
the highest zinc concentrations in the stock have been recoqnized. 
This zinc anomaly is outlined by seven samples carrying over 80 ppm 
zinc content. The trend within the anomaly is delineated by 20 samples 
carrying zinc concentrations over the background value. Sample 91(4) 
is located near the northwestern corner of this anomaly and carries 
the highest zinc content (1625 ppm). All the surroundinq samples 
increase in zinc content toward it. The ranqe of zinc concentrations 
within the anomaly is 74.5 to 1625 ppm. 
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Anomalies Z-4, 5, 6, and 7 are grouped together for two reasons: 
1. They are delineated by zinc concentrations above 80 ppm but are 
linked by related samples which are above background values of zinc 
concentrations. 2. Together they indicate the trend in the anomaly 
better. 
Anomalies Z-4. Z-5, Z-6 and Z-7 are delineated by 2. 4, 1, and 1 
samples respectively each carrying a zinc content of over 80 ppm. 
They are surrounded and linked together by 13 samples, each with a zinc 
content over background. The range of zinc concentration in the group 
is from 50 ppm to 117.5 ppm. The zinc concentration in anomalies Z-4 
and Z-5 shows a westwardly increasing trend toward samples 104 and 105 
which carry a zinc concentration of 117.5 ppm each. These samples are 
located in a low area in the western part of the anomaly. In anoma-
lies Z-6 and Z-7 zinc concentrations show an eastwardly increasing 
trend toward samples 17 and 47 which have zinc concentrations of 97.5 
ppm each. This group of anomalies are topographically bounded on the 
western and southern sides by Tertiary volcanic rocks. These latter 
rocks were not sampled. 
Anomaly Z-8. An anomalous zinc concentration is outlined around 
one sample carrying more than 80 ppm zinc. The surrounding 8 samples 
have zinc concentrations above background. These converge with in-
creasing zinc concentration toward the high value at sample 40. This 
anomaly is in a valley slope on the northwestern fiank of the South 
Sister Peak. The overall range of zinc content in the anomaly is from 
60 ppm to 117.5 ppm. 
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Though local fluctuation in zinc concentrations do occur within 
the stock yet there is a strong indication of aliqnments (fiq. 16) of 
high concentrations or anomalies. 
An east-west alignment is discernible through sample locations 
40, 41, 111, 109, 91{2) to 91(7) and 88. Another east southeast 
alignment is discernible through samples 40, 116, 34, and 49. 
A possible north-south alignment is suggested throuah samples 104 
and 105 of anomaly Z-4, the samples of 91 aroup and sample 88 in 
anomaly Z-3, plus samples 49, 50 and 58 of anomaly Z-1. The interven-
ing breaks of low zinc concentration precludes this possibility, yet 
there is a tendency of zinc fluctuation to simulate pinch and swell 
occurrences of metal values in vein and lode deposits. 
Spatial Relations and Trends of lead Anomalies in the Stock 
Geochemical analyses of bulk rock samples were made to determine 
if lead values in parts per million were random in distribution within 
the sample grid of the stock or had identifiable trends and patterns. 
Results suggest recognizable patterns do exist for the Tres Hermanas 
quartz monzonite. 
Using the least altered rock samples from the stock a background 
value of 33 ppm lead was calculated (table 9). Lead concentrations 
from bulk samples of the intrusive stock are shown on the map by 5 
ppm contour intervals (fig. 14). As in the case of zinc, in areas 
where concentrations are high the contour intervals are raised to 25 
ppm to avoid crowding of contours. 
Two major divisions are made in the less detailed map (fiq. 17): 
1. Values of lead (ppm) from background to 50 ppm, and 2. Lead 
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values (ppm) over 50 ppm. On this basis nine anomalous areas of lead 
were recognized as tabulated below. 
TABLE 12. LEAD ANOMALIES, THEIR SPECIFIC AND RELATED SAMPLES 






























21(35), 22(35), 23(38.75), 
24(41.25), 25(45), 
27(46.25) 








103(45), 104(42), 108(42.5) 
2(35), 3(46.25), 4(37.5), 
38(38.75), 41(38.75) 
5(42.5) 14(42.5), 45(32.5~. 47(42), 48(48.75) 
*() represents ppm of lead for individual sample. 
L represents lead. 
Generally, in each of the outlined anomalies the lead forms a con-
sistent pattern. Highest lead concentrations form a core with the 
surrounding samples decreasing in concentration from this central high 
as in the case of zinc. Characteristics of the nine anomalies 
follow: 
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Anomaly L-1. This anomaly has 3 samples with lead content above 
50 ppm. Trend of the anomaly is generally northeastward. Both the 
east and west margins are limited by alluvial covered areas. The 
northern portion parallels the Paleozoic sedimentary rock contact. 
The highest lead concentration occurs in sample 58(299 ppm). The 
range of lead concentration in the anomaly is from 47.5 to 299 ppm. 
The latter is the highest concentration of lead recognized in the Tres 
Hermanas quartz monzonite stock. 
Anomaly L-2. This anomalous area has at least four samples with 
lead concentration above 50 ppm. The range of lead concentration is 
from 33.75 ppm to 70 ppm. A distinctive trend within this anomaly is 
not readily apparent. though values suggest an eastward increase 
toward sample 54. Alluvium bounds the anomaly on the north and Paleo-
zoic rocks on the northeast. 
Anomaly L-3. An anomaly occurs in the northcentral part of the 
intrusive. The range of lead values is from 35 ppm to 228 ppm. It is 
based on one sample of 228 ppm lead content supported by eleven 
samples each of which has more than 33 ppm lead concentration. These 
show a consistently increasing lead content toward the high sample. 
Based on the lead values from both the specific and related samples 
the anomaly has a northwesterly trend. 
Anomaly L-4. A crescent shaped anomaly cuts across Manning Can-
yon. Throughout its extent it maintains a value of 50 ppm lead con-
tent. The anomaly is based on 3 samples of more than 33 ppm lead. 
The range is from 41.25 to 50 ppm lead. The trend is crescentic and 
the anomaly is a link between Anomaly L-3 and western Anomaly L-5. 
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Anomalies L-5, L-6, L-7 and L-8 are grouped together because of 
their close spatial positions. They are based on five specific 
samples (table 12) with lead concentrations above 50 ppm and 23 
related samples around them. The latter have a lead content of over 
33 ppm each. The range of lead content in the samples is from 32.50 
to 177.50. Sample 91(4) has the highest lead concentration. It is in 
the middle of the Lonesome Cabin Draw and all other sample values 
tend to increase toward it. These anomalies lie at a lower topographic 
elevation. Some of them approach the contact of the quartz monzonite 
and the adjacent volcanic rocks. Mineralized veins of westerly trend 
occur directly west. 
Anomaly L-9. An anomaly occurs in the east central part of the 
stock. It is based on one high sample of lead concentration above 50 
ppm which is surrounded by five related samples each having a lead 
content exceeding 33 ppm. The overall range is from 35 ppm to 67.5 
ppm. The highest value is centrally situated with respect to the 
other samples and the latter show consistently increasing values 
toward the highest value. 
In the south central part of the stock seven samples (undelineated 
in Table 12) show lead concentrations above the background value of 
32.80 ppm. The samples have a range from 35 ppm to 48.75 ppm lead 
content. The areal pattern is subcircular with lower values at the 
margin and the high (48.75) at the center. 
Except for anomalies L-1 and L-2, which show a rough easterly 
trend, all other anomalies are less well defined in terms of trend. 
If at lower lead concentrations alignments are discernible, as in the 
case of anomalies L-7, L-4 and the western part of anomaly L-1, at 
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higher concentrations than those selected the alignment disappears. 
Generally the other anomalies consist of a central high concentration 
of lead concentrically surrounded by moderate to low lead concentra-
tions. 
Spatial Relations and Trends of Copper Anomalies in the Stock 
A background value for cooper of 6 ppm was calculated in the 
same manner as for zinc and lead. The data are shown in Table 9. 
The Tres Hermanas stock does not show high concentrations of 
copper. The highest copper content (19 ppm) occurs in sample 50 in 
the northwest part of the stock. Copper values in the samples of the 
quartz monzonite are shown on the map by 2.5 ppm lSO-copper contours 
(fig. 15). 
Two divisions are made as in the case of the other metals: 
1. A group having copper concentrations above 10 ppm and 2. A qroup 
having copper concentrations above 6.0 ppm but less than 10 ppm. 
Those anomalies with copper concentrations above 10 ppm are shown on 
the less detailed map (fia. 18). Six anomalies are outlined in Table 
13. 
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37(6.5), 110(9.75), 114 
(8.5), 117(9.5), 118(7.5) 
26(4.25), 33(6.5), 
34(8.25), 35(7), 84(6.5), 






4(9.5)t 6(7.5), 9(4.5), 
11(5.5), 12(8.75) 
*() represents ppm of copper for individual sample. 
C represents copper. 
Anomaly C-1. The anomaly is based on three specific samples with 
copper concentrations over 10 ppm each and two related samples over 6 
ppm copper content each. The range of copper concentration in the 
samples composing this anomaly is from 7 ppm to 19 ppm with sample 50 
having the highest. The copper values increase consistently toward 
sample 50. The anomalous area has a westerly trend and is bounded on 
the west southwest and east northeast by alluvium. The north boundary 
consists of Paleozoic rocks in the vicinity of the Mahoney mining 
area. 
Anomaly C-2. A small anomaly based on one specific sample with 
more than 10 ppm copper and two related samples with more than 6 ppm 
copper occurs in the northeast part of the stock. The copper content 
in the samples ranges from 7 ppm to 10.25 ppm. The lower values of 
the two related samples trend easterly and increase toward the high 
value at sample locality 54 (10.25 ppm). 
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Anomaly C-3. A small anomaly in the center of the stock based on 
a sample concentration of over 10 ppm copper and five related samples 
with concentrations exceeding 6 ppm and less than 10 ppm copper con-
tent. The range is between 6.5 to 10.25 ppm copper. Sample 119 has 
the highest copper content of 10.25 ppm and the others trend increas-
ingly toward it thus indicating a westerly trend. 
Anomalies C-4 and C-5 are grouped together. Three specific sam-
ples and one respectively with over 10 ppm copper and 18 related sam-
ples with over 6 ppm copper content each make up these anomalous areas. 
The range of copper content in these samples is from 6 ppm to 17.25 
ppm. Sample 32 (17.25 ppm) has the highest copper content. It is 
located in the west central part of the stock. All other copper values 
in the related samples consistently increase toward this sample. 
Anomaly C-6 and C-7 lie directly south of anomaly C-4. Anomaly 
C-6 is based on one specific sample of over 10 ppm copper content and 
two related samples and anomaly C-7 has 2 samples containing over 10 
ppm copper content. The two related samples carry over 6 ppm copper 
content. The range in copper content is from 7 ppm to 14.5 ppm. Sam-
ple 18 (14.5 ppm) has the highest copper content. The other samples 
show consistently increasing trend toward this value. The trend is 
not distinct, but could be southeasterly. 
As in the case of lead, several samples in the southern part of 
the stock show copper values above background. These range from 
6 ppm to 9.5 ppm copper content. 
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A possible major alignment of copper values is suggested in a 
north-south direction parallel to Lonesome Cabin Draw on the western 
margin of the Tres Hermanas quartz monzonite stock. This is also 
parallel to the alignment suggested for zinc but is slightly offset to 
the east. This alignment includes Anomalies C-1, C-4, C-5, C-6 and 
C-7. Further the highest concentrations in each of these anomalies, 
comprising samples 50, 32, 95, 101 and 22, are also roughly aligned. 
Except for minor fluctuations trend in values rises from the south to 
the north. 
Relation of Zinc, Lead and Copper Anomalies to Petrographic 
Characters of the Stock 
In the petrographic study of thin sections of the quartz monzo-
nite special attention was devoted to texture, grain size, unusual 
textures such as granophyric, perthitic, antiperthitic, myrmekitic and 
other petrographic features which might be related to the development 
of anomalous metal concentration and/or alteration features in the 
intrusive body. Table 3 summarizes these data. General conclusions 
from this extensive study are summarized in the following paragraphs. 
Zinc, lead and copper anomalies in the stock generally show a 
tendency to increase with decrease in size of the feldspar phenocrysts. 
A slight deviation occurs in the case of lead in sample 53. Yet this 
is very local and when related to the overall picture, the noted trend 
is maintained. Moderate sized phenocrysts (1.8 mm} are generally 
associated with high concentrations of zinc, lead and copper. 
Granophyric texture, broken-like and lath-like characteristics of 
feldspar groundmass, textures such as perthitic, antiperthitic, 
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myrmekitic. sieving and corrosion, and embayment of feldspars are gen-
erally associated with anomalous concentrations of zinc (ratio of 2:3), 
lead (ratio of 1:2) and copper (ratio of 2:3). These features vary in 
their profuseness or abundance. as related to the higher and moderate 
concentrations of these metals. Areas in which moderately abundant 
textures occur here the metal concentrations are anomalously high. 
Where these textures are abundant only moderate to low concentrations 
of metals occur in the anomalous areas. This follows the general 
pattern of metal values in the stock and their relationship to inten-
sity of alteration. 
Bent, twinned and zoned feldspars are generally associated with 
moderate to high anomalies but are not very characteristic of high 
concentrations of metals. 
Concentrations of zinc, lead and copper (ppm) increase with 
higher potash feldspar content and lower plagioclase. The relation-
ship of quartz is not clear, but where it is high (sample 53) the con-
centrations of the metal are moderate to low. 
Ferromagnesian minerals such as biotite, hornblende, pyroxene. 
magnetite and other accessories are commonly associated with anomalous 
areas of zinc, lead and copper. In the high anomalies of lead, zinc 
and copper in the stock, the ferromagnesian content generally shows a 
tendency to decrease with increasing concentrations of these metals. 
A slight deviation occurs in the case of copper. A relatively high 
(17.5 ppm) concentration of copper (sample 32) shows a moderate amount 
(5.5%) of ferromagnesian. However. this area is one of moderate 
sericitic and weak chloritic alteration except for argillic alteration 
which is intense. This suggests that a relationship between metal 
concentration and amount of ferromagnesian may depend to a certain 
extent on the type and degree of alteration the rock has suffered 
(Table 4). 
The individual ferromagnesian minerals do, however, show certain 
apparent affinities to concentrations of zinc, lead and copper. With 
moderate to high concentrations of trace metals, biotite, hornblende, 
tremolite, diopside, aegirine-augite and magnetite are of common 
occurrence. But with higher concentrations, i.e., above 500 ppm in 
the case of zinc and 200 ppm in the case of lead, mafic minerals 
higher in the Bowen•s series seem to occur. For example, hypersthene 
occurs in samples 91(4), 116, 118 and others where the concentrations 
of zinc, lead and copper are high. Muscovite is present under moder-
ate alteration conditions with moderate metal concentrations (sample 
101, with 74.5 ppm, 50 ppm and 10.6 ppm zinc, lead and copper, respec-
tively). 
The role of other accessories does not seem to express itself. 
Detail investigations for these latter minerals have not been made. 
As a final comment on the petrographic features, it should be 
noted that the textures cited as spatially associated with anomalous 
zinc, lead and copper values do not appear in moderate or abundant 
amounts in those areas where anomalies are not present. Indeed, the 
area containing less than background values for zinc and lead shows a 
low percentage of these features present in the rock. 
Relation of Zinc. Lead and Copper Concentrations 
to Altered Areas in the Stock 
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As a generalization. the alteration patterns studied and geochem-
ical anomalies noted are ~enerally associated in space. Indeed. rock 
alteration is a requisite for a geochemical anomaly in this area. 
Each metal anomaly has its specific character. i.e •• moderate altera-
tion may have an anomalous value of metal to several hundred parts per 
million. another anomaly may have a similar intensity of alteration 
but a lesser metal content. Thus there are qeneral trends. but indi-
vidual deviations for specific anomalies to which the metal value may 
rise. Examples are cited below. 
The relationship of alteration to the concentrations (ppm) of the 
individual metals and the trends of each type of alteration in the 
anomalies are shown in Figures 19 1 20 and 21 for zinc. lead and copper. 
respectively. 
Argillic alteration generally increases with decreasinq zinc con-
centration to a certain level. but in Anomalies Z-1. Z-3 and Z-4 they 
deviate slightly in the border areas of the anomaly. In the core of 
these anomalies they maintain this pattern. The same relationship 
exists for the lead values except in Anomaly L-9. Here it tends to 
increase with increase in lead content. This is. however. a moder-
ate anomaly with only 67.5 ppm lead concentration. Copper values 
while low. have less agreement to the ~eneral patterns of arqillic 
alteration. but spatially there is a relationship. 
Sericitic alteration behaves in the same manner as in arqillic 
alteration for zinc. lead and to a larqe extent in the case of copper. 
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Chloritic alteration, though of weak intensity is widespread. In 
the case of zinc, chloritic alteration generally increases with 
decreasing zinc concentration to a certain level for each specific 
anomaly. Lead behaves similarly. In the case of copper the same gen-
eralization applies. 
Specific reference to Figures 19, 20 and 21 permits ready recog-
nition of the spatial relationships and trends noted. 
Relationship of Zinc, Lead and Copper Anomalies to 
Rock Units Surrounding the Stock 
The location and disposition of the sedimentary and volcanic 
rocks which bound the Tres Hermanas quartz monzonite stock have been 
described at length under Geologic Setting and are shown in Figure 1. 
A brief review is, however, given here to aid in the discussion. 
East dipping, somewhat mineralized, Paleozoic sediments lie in 
contact with the stock on its northeastern and northwestern corners. 
In between these two sedimentary areas an alluvial area slopes north-
ward and bounds the stock on the north. A xenolith, or possibly a 
roof pendant of Mississippian limestones, is isolated on the northwest 
by an east northeast trending apophysis of quartz monzonite. A few, 
moderate size xenoliths (1400 feet by 900 feet) also occur in the 
northeastern and eastern parts of the stock (fig. 3). On the western 
side of the stock, beyond the Lonesome Cabin Draw, xenoliths again 
occur in quartz monzonite. Tertiary volcanic rocks bound the stock on 
the southeastern, southern and southwestern sides. West of the vol-
canic rocks on the western side of the stock west dipping Lower 
Cretaceous sediments form a northwest trending horst ridge. 
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Anomalous areas of zinc, lead and copper are outlined in Figures 
16, 17 and 18. 
Anomalies Z-1, L-1, and C-1 for zinc, lead and copper occur in 
the northwestern part of the stock adjacent to the mineralized Paleo-
zoic formations near the Mahoney group of mines. The zinc and lead 
anomalies consistently increase northeastward (sample 58) while the 
copper increases to the southwest (sample 50). The contact zones of 
the stock generally show anomalous concentrations of these three 
metals, but in moderate amounts as compared to some interior samples 
which define anomalous areas. 
Anomaly Z-2 covers a broad area and includes the mid-northern and 
central portions of the stock and extends south-westward to samples 27 
and 100. On the north it is adjacent to the alluvial area noted 
above. Anomalies L-2 and C-2 and L-3 and C-3, of much less areal 
extent, lie within the above area. A xenolith of recrystallized lime-
stone occurs near sample location 53 within Anomaly Z-2. The north-
western part of Anomaly Z-2 lies among a few north northwest trending 
dikes (author's observation). 
The alluvial area referred to above and its surface expression 
are good evidence as to the structural character of this portion of 
the stock. Calcareous rocks of indeterminate age occur at the fringes 
of the stock immediately adjacent to the upward reaches of the 
alluvial area. The carbonate sediments are cut by rhyolite and latite 
dikes. While detailed studies of this sequence were not made, this 
being beyond the scope of the investigation, field observations 
emphasize the proximity of calcareous sediments in this alluvial area. 
This suggests the possibility of receptive rocks to mineralization. 
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Anomalies L-3 and C-3 and the southern extension of Anomaly Z-2 
and Anomaly Z-7 are centrally located within the stock. These are far 
removed from known sedimentary units. It is, of course, highly pro-
bable that a sedimentary cover once existed above the anomaly, partic-
ularly near the sample locat1ons 109 to 119. Erosion has long since 
removed such cover rocks. The relatively high values of zinc (500 
ppm), lead (228 ppm) and copper (10.25 ppm) and increased concentra-
tions at depth lend support to this assumption. 
Anomalies L-4 and C-4 and a narrow southwestward extension of 
Anomaly Z-2 occur in quartz monzonite. These cut across Manning Can-
yon and also Lonesome Cabin Draw. [A similar assumption as made in 
the above paragraph is applied to this anomaly]. 
The large Anomaly Z-3, the smaller Anomalies L-5 and L-6 and the 
small Anomaly C-5 occur near the west marginal Tertiary volcanic rocks 
adjacent to the stock. The volcanics are cut by a large number of 
dikes, some of which also cut the quartz monzonite. The latter con-
tinuity is not clearly established in the Lonesome Cabin Draw. Both 
high zinc and lead values occur at lower elevations in the quartz 
monzonite in this area with zinc and lead (values) increasing toward 
the west. Of possible significance is a northwest trending major 
fault which bounds Anomalies C-1, L-1 and Z-1 on the west. This fault 
probably extends into the area of Anomalies Z-3, L-5, L-6 and C-5. 
Further, the overall alteration pattern of the contact zone reveals 
that some contacts are intensely altered (samples 107, etc). From 
Figures 19, 20 and 21 it is shown that generally high concentrations 
of zinc, lead and copper are related to moderate alteration. This 
suggests that west of Anomalies Z-3, C-5, L-5, L-6 and beyond the west 
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intrusive contact and below the volcanic rock cover in underlying sedi-
mentary rocks less alteration and possibly higher concentration of 
these metals could occur. 
Anomalies Z-4, Z-5 and Z-6, C-6 and C-7 and L-7 and L-8 are adja-
cent to the southwestern border of the stock which is bounded by vol-
canic rocks. Zinc values show both easterly and westerly increasing 
trends in their anomalous concentrations. Lead values increase toward 
the north; copper concentrations, however, increase toward the south 
and the border zone. Only in the case of copper do relatively high 
values occur near the contact zone. 
Anomalies L-9 and Z-8 occur near the central eastern contact of 
the stock and adjacent to a few xenoliths of Paleozoic strata. These 
are located on the northwestern slope of South Sister Peak. The 
pendant-like masses of xenoliths occur east and southeast (fig. 3) of 
the anomaly. Further east, alluvium covers these sediments. The 
anomalous concentrations of zinc and lead occur at lower elevations 
than the peak. A large number of small dikes are present (author's 
observation) and the stock in this area is intensely jointed. A few 
prospect pits with some gossan occur in the area of the anomaly. It 
is possible that continuous sediments are the host rocks for the in-
trusive stock not far east of the present alluvial boundary. 
Relation of Zinc, Lead and Copper Anomalies to Mineralized Areas 
The location of mineralized areas around the Tres Hermanas quartz 
monzonite stock and their past mineral production has been discussed 
under Geologic Setting - Mineral Deposits. In the overall view, the 
outlined geochemical anomalies and the known mineralization both 
93 
within and around the Tres Hermanas stock do show a definite spatial 
association. The lead-zinc-copper anomalies are closely associated in 
space and in turn lie near to or adjacent to mineralization. These 
relationships are noted below. 
The lead-zinc producing Mahoney mines are located north and 
slightly west of Anomalies Z-1 1 L-1 and C-1. The Lindy Ann group of 
mines are just northeast of the northeast extent of Anomalies Z-2 1 L-2 
and C-2 at the northeastern margin of the stock. 
A shaft has been sunk and several hundred pounds of galena and 
sphalerite have been recovered from an intensely pyritized zone in the 
areas of Anomalies L-3 1 C-3 and the southern or lower part of Anomaly 
Z-2. in the central part of the stock. Anomalies L-4 and C-4 and a 
narrow southwestward extension of Anomaly Z-2 occur in quartz monzonite 
trending across the Manning Canyon and adjacent to the Lonesome Cabin 
Draw. 
The lead-zinc Marie mine and mines of the Cincinnati vein system 
on the west central margins of the stock occur about 700 feet north of 
Anomalies Z-3 1 L-5 1 L-6 and C-5. Prospects containing abundant iron 
and manganese oxides and minor lead 1 zinc and copper minerals lie west 
of these mines. 
Anomalies Z-8 and L-9 1 on the south and east slopes of South and 
Middle Sister Peaks. occur just west of several prospects in the 
highly metamorphosed Paleozoic sediments; these contain minor amounts 
of galena and sphalerite. 
As noted earlier the Cretaceous sediments are older than the 
quartz monzonite. The Tertiary andesite volcanic rocks precede the 
quartz monzonite as does an early latite. Younger latite post-dates 
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the intrusive body. The geologic history is further complicated by 
late and post-Tertiary faults. The known sulphide mineralization is 
younger than the quartz monzonite stock (Griswold. 1961). Impure cal-
careous rocks form a large portion of the sedimentary sequence which 
is exposed in a semicircular pattern around the stock. Some of these 
sediments were quite receptive to mineralization. 
Significantly. the known mining areas are spatially associated 
with the patterns of anomalous zinc. lead and copper concentrations 
within the stock itself. Of possible significance are the production 
figures for lead and zinc produced and shipped from the Mahoney mining 
area. Copper production is not listed. either because the production 
was too low or nil. while the quantity. in tons of metal • of zinc is 
much higher than lead (table 14) with a ratio of 6 to 1. A similar 
relationship is refiected in the zinc-lead-copper anomalies in the 
stock. The geochemical zinc concentrations are highest. lead is next 
and copper shows the least concentration. Possibly by coincidence 
only. the ratios of highest concentration of zinc to that of lead and 
copper is 6.5 to 1 to 0.1 compared to production figures of zinc to 
lead to copper of 6 to 1 to o. respectively. 
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TABLE 14. LEAD AND ZINC ORE SHIPMENTS FROM THE MAHONEY MINING AREA, 
1915-1959* 
Ore Zn Pb Aq 
Year Wt. Zn Metal Pb Metal Ag Metal 
tons % tons % tons oz/ton ozs 
1915 169 32.6 55 
1916 640 33.7 211.2 
10 42 4.2 5.4 54 
1917 383 36.7 141 
29 26.8 7.75 6.7 194 
1918 107 34.9 37.3 
30 45.7 13.7 6.0 180 
1919 
1920 41 42.2 17.3 9.3 381.3 
1921-1925 
1926 19 38.6 7.33 7.1 134.9 
1927-1942 
1943 62 22.8 14.13 6.9 427.8 
1944-1947 
1948 76 9.2 6.99 2.8 212.8 
1949-1959 
Total zinc metal produced 444 tons 
Total lead produced 71 tons 
Ratio of Zn/Pb 444/71 6:1 
*Griswold (1961, p. 46) 
GENETIC IMPLICATIONS OF ZINC. LEAD AND COPPER ANOMALIES 
AROUND THE TRES HERMANAS STOCK 
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A brief description of the mineral deposits around the Tres 
Hermanas stock is presented in the chapter on Geoloqic Setting -
Mineral Deposits. The relationships of the mineralized areas to the 
anomalies of zinc. lead and copper are discussed in the chapter on 
Geochemical Patterns of Lead. Zinc and Copper. As noted. these miner-
alized zones occur around the stock. mostly in impure limestones. 
They consist essentially of zinc and lead ores; copper minerals are 
very minor in occurrence. The ore bodies are structurally and strati-
graphically controlled manto-types and also vein deposits. 
Griswold (1961) comments on the aqe and possible source of these 
deposits. He believes that practically all the ore mineralization of 
the district originated from deep-seated differentiation products of 
the quartz monzonite stock. The ore solutions. according to his con-
cept. were released over several different periods. ranging from the 
emplacement of the stock to the time basic dikes were emplaced after 
stock consolidation. 
Anomalies of zinc. lead and copper show definite spatial asso-
ciations with. and lie near to. the mineralized areas around the 
stock. These anomalies mainly trend toward or parallel existinq min-
eralized zones. Zinc and lead anomalies show a fairly congruent rela-
tionship to each other in their spatial distribution with a less 
obvious relationship between copper anomalies and the above two metals. 
Petrographic characteristics of quartz monzonite rock demon-
strate some interesting features. Zinc. lead and copper anomalies in 
the stock have a tendency to increase with decrease in size of 
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feldspar phenocrysts. Granophyric texture occurs in 22 out of 38 
cases where zinc values exceed the average backaround, in 33 out of 61 
cases for lead and 25 out of 38 cases for copper. In individual sam-
ples granophyric texture varies in its profuseness or abundance. Mod-
erately abundant amounts are generally associated with greater concen-
trations of trace metals. 
Potash feldspar content increases with increasing trace metal 
content. The ferromagnesian content on the other hand shows an 
increase with decreasing trace metal content, except for copper. The 
latter shows no direct or indirect relationship. 
Certain other facts from this study relate to a deuteric phase 
of the intrusive mass also. Such features as larger ohenocrysts, the 
relatively characteristic association of hiqh order pyrogenic minerals 
such as hypersthene, twinning of orthoclase feldspar, zoning of pla-
gioclase, bending and embayment of feldspars and relict magnetite in 
sodic feldspar are present and considered deuteric in origin. In this 
intrusive body these features are associated with a qreater trace 
metal content. 
Sample data in the central area also suggest that the higher 
trace element content occurs in the lower-interior portions. Conver-
sely, the peaks and ridges of this area have lower trace element con-
tent of zinc~ lead and copper. Additional geologic work might indi-
cate the so-called "peripheral shell 11 and .. interior phase" of ~1ackin 
(1954}. In this study the sampling grid used eliminated personal bias 
as much as possible in determining overall distribution patterns of 
zinc, lead and copper within the stock. Hence, the possible .. interior-
peripheral" portions, if present, were not separately sampled except 
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as the grid points fell on them. Yet, in the light of the alteration 
types and trace metal content, the above may not indicate a solely 
deuteric origin for the mineralizing solutions. 
Argillic, sericitic, chloritic, pyritic, limonitic and epidoti-
tic alterations are present in the stock. Rock alteration appears to 
be one of the requisites for geochemical anomalies of zinc, lead and 
copper in the Tres Hermanas stock. Quantitative estimates have been 
made for argiTiic, sericitic and chloritic alterations. Their trends 
~~~geochemical anomalies of zinc, lead and copper are shown in 
Figures 19, 20 and 21. The three alteration types are generally 
related to anomalous trace metal content. Pyritic, limonitic and epi-
dotitic alteration are limited in occurrence. Pyritic alteration 
occurs mainly in the center to west central parts of the stock and is 
associated with anomalous trace metal values. Copper trace metal 
values of significance are inconsistent in their relationship. Based 
on the moderate sericitic and weak chloritic alteration in areas of 
moderate (5%) ferromagnesian content, it is suggested that the rela-
tionship between trace metal concentration and ferromagnesian content 
may depend to a large extent on the type and degree of alteration the 
rock has suffered. 
Griffitts and Nakagawa (1960) note, in a study of unaltered 
quartz monzonites in many districts in the Western United States, that 
high copper and zinc content of igneous rocks near ore deoosits con-
taining these metals was due to leakage from deposits during mineral-
ization rather than to an originally high metal content of the parent 
magma. Mantei, Bolter and Al Shaieb (1970) in their study of the dis-
tribution of gold, silver, copper, lead and zinc in the productive 
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Marysville stock, Montana, state that samples from the vicinity of 
known mine shafts and ore veins show in almost all cases hiqher values 
in mineralized areas thereby suggesting that the anomalies in the min-
eralized parts of the stock were the result of penetration of the wall 
rock by solutions from the veins. 
In the Tres Hermanas stock high trace metal anomalies occur in the 
northwestern portion of the stock, i.e., south of the Mahoney mining 
area, in the outcrops of the Lonesome Cabin Draw, south of Marie mine of 
the Cincinnati vein system, at the junction of the Manning Canyon and 
the Lonesome Cabin Draw and in the section 35 area. The possibility of 
these anomalous areas being formed in the stock during mineralization 
near the mineralized zones, can be conceded with reservation. Yet, such 
a possibility is unacceptable for other anomalous areas. For instance, 
no relatively high anomaly occurs near the Lindy Ann mining area. The 
high trace metal anomalies in the stock interior in Manning Canyon and 
in section 35, are separated from mineralized and productive areas by 
low trace metal values. Even near the Mahoney mininq area intrusive rock 
samples close to the mines have less trace metal content than those a 
little farther away from the mines. Finally, other alteration zones 
and anomalies are isolated with individual local trends. 
Spatial relationships of zinc, lead and copper anomalies in the 
stock to mineralized areas suggest a possible genetic relationship. 
While the anomalies in the central part of the stock have no known 
associated ore bodies, a sedimentary cover may once have been present 
and contained such ore zones. 
Migration of zinc into the sedimentary rocks around the stock must 
have occurred through openings, both inherent in the rocks, and also 
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those induced by the force of intrusion. The relative concentrations 
within the stock as shown by the patterns (figs. 13, 14 and 15) or 
anomalies (figs. 16, 17 and 18) suggests potential routes of the 
diffuse plumbing system for the lead-zinc and minor copper mineraliza-
tion around the stock. 
The trace metal alteration relationships could have resulted from 
a hydrothermal source for the fluids. The almost consistent associa-
tion of anomalous metal concentration with alteration, of at least a 
moderate intensity, suggests the action of hydrothermal fiuids. The 
total of the chloritic alteration and ferromagnesian content in 
altered areas compares in general to the ferromagnesian content in the 
unaltered areas. This is suggestive of hydrothermal alteration. 
Joints which are fairly abundant in the Tres Hermanas stock, may have 
provided channelways for the fiuids. In altered areas these too are 
affected. However, in the major part of the stock, outside of the 
altered areas, joints do not seem to have been affected by the origi-
nal fluids. The vein and manto-type mineral deposits are replacement 
bodies. Based on the mineralogical considerations, these may have 
been formed by hydrothermal fiuids under moderate temperature and 
pressure. 
While accepting the main postulate of Griswold (1961) regarding 
the origin of the mineralization in the Tres Hermanas mining district, 
the petrological and rock alteration data, and geochemical patterns 
of trace metals give a firmer base on which to build the concept. 
In respect to the origin of the geochemical anomalies within the 
stock, at least two origins seem applicable: 1) a deuteric (a late 
stage) alteration of the stock with release, mobilization and 
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redeposition of trace metal in those areas where deuteric mineralogi-
cal features have been noted, 2) a hydrothermal phase in which the con-
solidated stock was locally sericitized, argillized, chloritized, eip-
dotized and pyritized. Arqillic alteration was most widespread and 
affected the rock most. Sericitic alteration was next most abundant, 
with chloritic being the least abundant alteration. 
In the early stage, fluids carryinq metals may have directly 
escaped from the intrusive into susceptible sedimentary rocks to form 
contact metasomatic deposits (the iron deposits of Griswold). During 
the hydrothermal stage{s) the trace metal content generally increased 
in the altered zones. The plumbinq system was diffuse, possibly joint 
controlled. Disseminated sulfide mineralization occurs in some of the 
altered zones. Egress of the fiuids from the stock area into the sedi-
mentary rocks was through faults into susceptible and favourable 
structural and stratigraphic environments of deposition. Manto-like, 
vein replacement lode deposits were the end products. 
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GEOCHEMICAL PATTERNS IN THE NORTH ALLUVIAL AREA 
An alluvial covered area forms a conspicuous topographic and 
geologic re-entry into the quartz monzonite stock in the northern 
part. Because of its strategic position between the two major mining 
areas of the Mahoney and the Lindy Ann groups the area was selected 
for a geochemical investigation of heavy metals in the alluvial sands 
and gravels. The area is in Sections 26, 24 and 34 and comprise an 
area of 2 square miles. It is mostly alluvial covered with six main 
washes draining the northern flank of the Tres Hermanas Mountains. 
These washes and their confluences were selected as sites for 22 sam-
ple locations (fig. 4). 
A few rhyolite and latite dikes, limestone and quartz monzonite 
exposures crop out in the area. Near the southeastern corner of the 
alluvial area, where sample 52 is located a small ouartz monzonite 
hill occurs. The exposed limestones are impure and have a high silica 
content. The carbonate masses appear to have been invaded by numerous 
small rhyolite and latite dikes. 
Near sample site 62 the rhyolite appears to have included the 
limestone as a xenolith because the ioneous rock occurs both below and 
around the limestone. 
Near sample site 63 a spur of the slopinq terrain consists almost 
entirely of limestone. Here rhyolite occurrences appear as small 
patches or invasions into the limestone. 
A small outcrop of quartz monzonite occurs near sample location 
64. This continues a short distance down the wash where it is then 
covered by alluvium. Sample 52 is located nearby. 
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The remainder of the samples are in alluvium within the washes. 
No other rock exposures were observed. 
Analytical results were obtained for zinc, lead and copper from 
the less than 120 fraction of the alluvial samoles. Results of these 
analyses follow. 
Zinc Anomalies 
Zinc concentrations in the alluvium are shown in Table 8. These 
zinc values are plotted in Fiqure 22. The contour interval is SO ppm. 
Zinc concentrations range from 75 ppm to 300 ppm. The zinc values are 
highest near sample 63 and 70 on the west and reduce both to the south 
and east. Sample 63 is near a spur consisting of limestone and small 
patches of rhyolite. This is a contact zone with rhyolite and quartz 
monzonite underlying the limestone. Sample 70 is west of the Lindy 
Ann mining area and near the quartz monzonite limestone contact. 
The higher zinc concentrations are nearer the intrusive-sedimen-
tary rock contacts. These values tend to increase upstream toward the 
quartz monzonite. A possible enrichment of zinc occurs in the sedi-
mentary rocks near or just to the south of the highest point of the 
zinc anomaly. 
Lead Anomalies 
Lead values in parts per million for the alluvial area are shown 
in Table 8. These values are shown by contours with a 10 ppm contour 
interval (fig. 23). The lead values ranqe from <20 ppm to 100 ppm. 
The lead results are somewhat similar to zinc except that the eastern 
high is absent. 
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The highestlead concentration occurs at sample site 62. This is 
coincident with the high zinc values. The lead content decreases 
steeply in all directions from this locality and then broadens out. 
The area near sample 62 may have potential for both the zinc and 
lead additions to the host rock. Location 70, may also be an area of 
lead concentration. The reason for this anomalous concentration 
should be investigated further. 
Location 62 is fairly near the quartz monzonite contact. Both 
limestones and rhyolite are exposed. Additional study in qreater 
detail is suggested to determine the possibilities of lead-zinc miner-
alization in this area. 
Copper Anomalies 
Copper concentrations in the alluvial area are shown in Table 8 
and plotted in Figure 24. The contour interval for copper is 1 ppm. 
Copper values, in parts per million, are the lowest in this area. The 
pattern of copper concentrations deviates a little from that of zinc 
and lead. This behaviour is, somewhat similar to that expressed in the 
stock. 
Copper concentrations of a relatively high value, i.e., >15 ppm 
occur at sample sites 63, 69, 73a and 78. However the pattern is 
similar to that for zinc and lead, except for the deviations mentioned 
in the above paragraph. 
The proximity of igneous-sedimentary rock contacts and the loca-
tion of rhyolite and limestones are equally significant for copper as 
also for zinc and lead. An additional significant factor should be 
noted. The highest concentrations of copper in the stock and confined 
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to samples 50, 49, 86, 32, 19 and 18. Their qeneral alionment, if 
projected, would intersect the wash at the southwestern corner of this 
alluvial area. The presence of a relatively high copper concentration 
in this area, near sample 73a, is suqgestive of a relationship between 
the copper values in the stock and those in the alluvial area. 
The copper concentrations in the upper reaches of the washes 
precludes the possibility of any type of contamination. The source of 
copper must be nearby. Finally, the zinc, lead and copper ratios for 
the alluvial area simulates those for the stock and is in the same 
approximate ratio as that for past production for the area. 
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SUMMARY AND CONCLUSIONS 
The Tres Hermanas quartz monzonite stock and the alluvial area in 
the north were sampled on a one-half mile grid system in the stock 
area and at selected points in the dry washes in the alluvial area. 
Ninety-nine bulk rock samples and 22 soil samples, respectively, were 
analysed for trace contents of zinc, lead and copper using the atomic 
absorption spectrophotometric technique. 
A petrographic study of the quartz monzonite was also carried out 
based on 122 thin sections from the bulk rock samples and other 
selected rocks. Thirty-two thin sections from a grid of approximately 
one mile spacing were studied for quantitative estimates of potash 
feldspar, plagioclase feldspar, quartz and ferromagnesians using a 
Swift Point Counter. Kaolinitic, sericitic and chloritic alteration 
products were also studied and estimates of intensity made from the 
thin sections analysed. 
The quantitative petrographic and alteration data were used to 
determine if spatial relations exist between anomalies of zinc, lead 
and copper and these field and laboratory data. Extensive use was 
made of contour maps of iso-trace metal values, iso-mineral values and 
iso-alteration values to compare the various data. 
A major conclusion from these studies is that the anomalies of 
zinc, lead and copper are spatially related within the stock, though 
the copper anomalies are not as prominent, nor probably as siqnificant. 
While the geochemical anomalies of zinc, lead and copper do occur 
as isolated areas in the quartz monzonite stock, yet they have a 
definite spatial and roughly congruent relationship to each other. 
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The trend of each anomaly is generally determined by the location of 
the sample of highest metal value within the anomaly. Generally the 
latter is centrally located in the anomaly. Some anomalies of definite 
trends and of possible significance to mineral deposit genesis, occur 
in the northwestern corner of the stock near the Mahoney mining area. 
Here the trend is northeasterly. Another anomaly is in the western 
part of the stock where the anomaly shows a somewhat westerly trend. 
In the southwestern part of the stock a southwesterly trend occurs. 
The general east-west trend of the zinc and lead geochemical anomalies 
points directly toward the prominent and somewhat productive Cincinnati 
vein-system, of westerly trend in the Tertiary volcanic rocks. The 
volcanic rocks cover the older sediments. It is not known whether 
mineralized replacement zones exist at depth. The probability seems 
favourable. 
Most of the major geochemical anomalies of zinc, lead and copper 
in the stock occur near its margin and in proximity to ore-susceptible 
formations. There is a strong possibility that migration of ore-
bearing solutions occurred toward these more favourable stratigraphic 
horizons. Major geochemical anomalies in the central part of the 
stock are quite removed from the sedimentary rock sequence. A possible 
receptive formation might once have covered the intrusive body in this 
area as suggested by the many xenoliths and possible roof pendants now 
present in the stock. It follows that most of the geochemical anoma-
lies occur in proximity to known mineralized areas in the surrounding 
country rock, and have, as noted, spatial relationships to the recep-
tive formations. 
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Of unknown significance, but of rather unusual coincidence both 
here and at Searchlight, Nevada (Proctor, personal communication, 
1968) the ratio of the highest concentrations of the heavy metals 
zinc/lead/copper in the stock is 5.6/1/0.1. This agrees with the 
metal production ratio of zinc/lead/copper in the Tres Hermanas dis-
trict which is 6/1/0. If valid here, and at Searchlight, considering 
the good sample bases used, then trace contents of metals in a stock, 
to a certain extent, could reflect the possible metal ratio production 
from mineralized areas around the intrusive body. A corollary mioht 
follow that, if the quantity of one metal produced in an area is 
known, then the possible Quantity of other metals miqht be oredicted 
based on the ratio of metals in the highest anomalies in the stock. 
Viewed from the petrographic data, higher concentrations of zinc, 
lead and copper are associated with rocks having qreater ootash feld-
spar content as compared to plagioclase. Phenocryst sizes in these 
cases were moderate {1.8 mm) as also the content of the associated 
granophyric texture. The ferromaqnesian minerals decrease with in-
creasing concentrations for zinc and lead. Copper shows neither 
direct nor indirect relationship to ferromagnesian minerals. 
Rock alteration, of the types noted, appears to be a reauisite 
for anomalous and high concentrations of zinc, lead and copper. Yet, 
extremely high concentrations of lead and zinc (i.e., over 150 pom for 
lead and over 200 ppm for zinc) show only moderately intense argillic 
alteration, moderate sericitic alteration and weak chloritic altera-
tion. Pyritic alteration occurs in areas of relatively hiah lead-zinc 
anomalies. Relatively intense rock alteration is commonly associated 
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with moderate anomalous metal concentrations, i.e., 90 to 100 ppm for 
zinc, 50 to 60 ppm for lead and 10 to 13 ppm for copper. 
In summary, in the Tres Hermanas quartz monzonite stock, spatial 
relations do exist between geochemical anomalies of zinc, lead and 
copper among themselves and also with regard to: 
(a) the surrounding sedimentary rocks, 
(b) the known mineralized areas, 
(c) certain petrographic characters, such as the size of feldspar 
phenocrysts, granophyric texture, feldspars and the amount of 
ferromagnesians, and 
{d) rock alteration by argillization, sericitization, pyritiza-
tion and chloritization. 
Metal ratios in the high anomalies correspond to ratio of metals mined 
from known ore-bodies. 
In a comprehensive sampling and laboratory study of the produc-
tive Searchlight, Nevada, quartz monzonite stock, Proctor (1968, per-
sonal communication) concluded that geochemical anomalies of gold, 
silver, copper, zinc and lead, show spatial relationships to radially 
zoned mineral deposits in the surrounding country rock. 
This present investigation, of a similar type, confirms certain 
of these relationships. 
In an earlier and more preliminary work at Searchlioht, Nevada, 
Shrivastava and Proctor (1962) suggested that "significant losses of 
trace element in the altered igneous rock mass in comparison to that 
expected in the hypothetical fresh rock mass may show up as related 
ore deposits in or around the intrusive body." In the Tres Hermanas 
quartz monzonite stock, the most intensely altered areas, some of 
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which border the stock, show lower concentrations of zinc and lead and 
are in proximity to mineralized areas. This may support the observa-
tions made by them in the Searchliqht stock. Additional data are 
needed for more positive correlation. 
In the Alluvial Area, in sections 26 and 27, patterns of zinc and 
lead concentrations in the soils qenerally coincide and high values 
occur in the southern part of the area near the presumed sedimentary-
intrusive contact. Copper, which is low (maximum 20 ppm), has its 
higher values in the downstream side of the alluvial area and does not 
coincide with the patterns for lead and zinc. The ratio of hiqhest 
zinc/lead/copper concentrations in the alluvial area is 3/l/0.2. The 
highest value of zinc occurs in the mid-northeastern side of the allu-
vial area and that of lead occurs in the southern oart of the alluvial 
area near the contact. The highest copper value occurs in the north-
central part of the alluvial area. Potential mineralized zones for 
zinc in the bedrock are in the southern part of the alluvial area near 
the contact and in the northwestern part near the contact. Possible 
lead mineralization may occur in the southern part near the contact. 
Copper mineralization is not as favourable based on earlier conclu-
sions. Yet, anomalous areas of copper occur in the central part of the 
alluvial area and in three anomalous locations in an arcuate area 
bordering the southern contact. The latter anomalies lie on the south-
western, southern and southeastern parts of the alluvial area. 
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